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PREFACE.

There is some reason to fear that the feeling of any one who may
examine in detail this edition and translation of Variha Mihira’s astronomi-
cal work will, in the first place, be wonder at the bolduess of the editors.
I am indeed fully conscious that on the imperfect materials at our disposal
an edition in the strict sense of the word cannot be based, and that what we
are able to offer at present deserves no other name but that of a first attempt
to give a general idea of the contents of the Pafichasiddhintikd. It would,
in these circumstances, possibly have been wiscr to delay an edition of the
work until more correct Manuscripts have been discovered. Two consider-
ations, however, in the end induced us no longer to keep back the results,
however imperfect, of our long continued endeavours to restore and clucidate
the text of the Pafichasiddhintikd. In the first place we were encouraged
by the consideration that texts of purcly mathematical or astronomical con-
tents may, without great disadvantages, be submitted to a muel rougher and
bolder treatment than texts of other kinds. What interests us in these works,
iy almost exclusively their matter, not cither their general style or the parti-
cular words employed ; and the peculiar nature of the subject often enables
us to restore with nearly absolute certainty the general meaning of passages
the single words of which arc past trustworthy emendation. And, in the
sceond place, we feel convineed that even from that part of the Paiicha-
siddhéntikd which we are able to explain more is to be learned about the
early history of Sauskrit Astronomy than from any other work which has
come down to our time.

Imperfoet and fragmentary as text and translation are, we may assert
at any rate that, in our endeavours to overcome the quite unusual obstacles,
which the corrupt and bare text of the Pafichasiddlintikd opposes to the
interpreter, we have spared no trouble. The thme and thought, devoted to
the present volume, would, I may say without exaggeration, have amply
sufficed for the editing and explaining of twenty times the amount of text
presenting only normal difficultics.  This T mention, not of course in order to
extol what we have been able to do, but only as an excuse for what we see
ourselves obliged to leave undone.

Next to the lamentable state of the text as appearing in the two Manu-
seripts at our disposal, the greatest disadvantage under which we laboured
was the absence of a Commentary. Commentaries can be hardly done with-
out in the case of any Sanskrit astronomical work; much less so, when the
text, as that of the Pafichasiddhintikd, deseribes many mathematical pro-
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cesses more or less diverging from those commonly employed.  Commentaries
probably existed forwerly, and possibly exist even now; but we have failed
to procure any. The Commentary published in the present volume is an
entirely original composition by my Collaborator. A mere translation of the
text with notes would, indced, have sufficed for the European reader: we
however, wished to make the results of our labour accessible to Pamlits also
who understand no English. And a full tik} giving full demonstrations
in the ordinary Hindd style will, in many cases, be useful to the Kuropean

student also.

The right hand columns of the text give the emended text; the left
hand columns the text of the better onc of our two Manuseripts which we
thought advisable to exhibit in extenso.  Some remarks on the Manuseripts
and the mode of emendation of the text will be found at the end of the
Introduction.

As this preface is signed by myself only, I may, T think, here
acknowledge—in a somewhat more explicit way than the mere association of
names on the title page is capable of doing—the great obligations under
which I am to my collaborator Pandit MahAmohopidhydya Sudhikara
Drvivedl. His constant assistance was altogether indispensable to me, and
all the more welcome as among the Jyautishas of my acquaintance I know of
no other, fully equal to work of this kind and at the same time equally ready to
devote himsell to a task which in certain aspects is so entirely unremunerative.
I may express the hope that the Pandit, who iy already so well know
his efforts to spread a knowledge of modern higher Mathematies among his
countrymen, will continue to devote a part at loast of his learning and talents
to the elucidation of the ancient history of science in this country.

I further wish to express my best thanks to the Bombay Government
and to Professor R. G. Bhandarkar, who with great liberality have allowed
me the use, for lengthened periods of time, of all those Manuseripts in their
charge which I required for the present edition. Nor must I omit to record
my obligations to Professor G. Buehler to whose activity, when in charge of
the search for Sanskrit Manuseripts in parts of the Bombay Presidency, we
are indebted for the discovery of the two Mauuscripts on which this edition
is based.

G. THI
ArL{mABAD : BAUT.

15th December, 1888.



INTRODUCTION.

The Pafichasiddhintikd by Variha Mihira occupies a marked position
of its own in Indian astronomical literature. As a rule works treating of
that branch of science claim either to be directly revealed, as f. <. the Stirya
Siddhinta in that form which has come down to our time; or else to base in
all cssential points on some older work of divine origin, as /. 4. the Siddhantas
by Brahmagupta atd Bhéiskarichirya, both of which are reproductions,
however greatly amplified and improved, of an old Paitdmaha Siddhinta.
One of the consequences of this is, that these works claim for themselves
direct or derived infallibility, propound their doctrines in a calmly dogmatic
tone, and cither pay no attention whatever to views diverging from their own,
or else refer to such only occasionally, and mostly in the tone of contemp-
tuous depreciation. The latter attitude is assumed f 4. by Brahmagupta
who indeed devotes a special chapter to the task of reviewing those astronowi-
cal systems which were opposed to the teaching of the Brahma Siddhédnta,
but who would have rendered that part of his work much more valuable and
interesting, had he been loss anxious to eriticize and ridicule than to impart
information. The astronomical writers, it is true, therein ouly excmplify
& general mental tendency which displays itsclf in almost every department
of Hindd Literaturc; but mere dogmatic assertion appears more than
ordinarily misplaced in an exact science like astronomy, and the absence of
all appreciative reference to the views of preceding authors is particularly
vexatious, when we have to do with a branch of Ilindd Learning which
shew  clear traces of having been remodelled under the influence of Greek
teaching.

To the general rule the Pafichasiddhantikd forms a striking exception.
As far as we can judge at present, Vardha Mihira was the only one among
Hind writers on astronomy who thought it worth while to give an exposition
of all the more important forms of astronomical doctrine which were current
at Lis time. Not that he was unable to judge of the relative value of the
systems which offered themselves to his examination; for, as we shall sce
further on, he knew very well in what order of merit the five Siddhintas
whose teaching he summarizes are to be arranged.  But he scoms ready to
acknowledge that even inferior systems deserve a certain amount of | atten-
tion, as long as they continue to occupy in certain circles a position of
authority ; and he appears not to be altogether incapable of taking a purely
intellectual interest in examining the various, more or less perfect, methods
which may be applied to the solution of scientific problems. At the same
time he seems to have no hesitation to acknowledge the connexion of the
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modern phase of Hindd astronomy with Greek science. Although not
directly stating that the Hinds learned from the Grecks, he at any rate
wmentions certain facts and points of doctrine which suggest the dependence
of Indian astronomy on the science of Alexandria; and, as we know already
from his astrological writings, he freely employs terms of undoubted Gireck
origin. The Pafichasiddhintikd thus becomes an invaluable sowrce for him
who wishes to study Hindd astronomy from the only point of view which
can claim the attention of the wodern scholar, viz. the historical one.

Regarding its form the Pafichasiddhintikd belongs to the class of the
so-called karanagranthas 4. e. compendious astronomical treatises which do
not set forth the theory of the subject at comparative length as the
Siddhéntas do, but merely supply a set of concise—and often only approxi-
mately correct—rules which suffice for the speedy performance of all the more
inportant astronomical calculations. It however contains a few chapters
whose contents lic outside the limits of a mere karana and resenble the cor-
responding chapters of the best known Siddhintas ; notably the chapter which
describes the general constitution of the universe, and the 15th chapter called
Jyotishopanishad. And it of course decidedly distinguishes itself from all
ordinary karanas by the fact that it docs not base on any one particular
Siddhénta, but undertakes to reproduce the more important doctrines of five
different Siddhéntas.

These five SiddhAntas, named by Variha Mihira in the first chapter,
are the Paitimaha, Visichtha, Romaka, Pauli$a and Saura Siddhintas.
Variha Mihira there also states lis view as to their order in mportance,
assigning the first place to the Strya Siddhinta, placing next the Romaka and
Paulia Siddhintas as about equally correct, and declaring the two remaining
works to be greatly inferior to the three mentioned.  In agreement with thia
estimate very different amounts of space are allotted to the individual Sid-
dhéntas in the body of the work, the Strya Siddhanta and Pauliga Siddhinta
being treated at some length, next to these the Romaka, and very little atten.
tion being paid to the Paitimala Siddhinta, and, although this is a puing
somewhat difficult to decide, o the Vasishtha Siddhinta.

In addition to the gencral character of the five Siddhdntas, this diffir-
ence of treatment is owing to a special cause, mentivned by Varaha Mihira
in the first chapter viz. his wish to devote the Pattchasiddhintiks chictly to
the task of setting forth the caleulation of solar eclipses, the most diffieult
problem attacked by Hindt astronomers. The Paitdmaha Siddhinta at any
rate was altogether incapable of furnishing any rules to that end; and so
perhaps also the old Vasishtha Siddhinta,
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I now proceed shortly to disecuss the teaching of each of the five
Siddhintas as represented by Variha Mihira. This, however, requires the
preliminary settlement of two questions.

In the first place we must attempt to-ascertain with accuracy which
chapters of the Pafichasiddhintik are devoted to each of the five works in
question.—This is a task beset by considerable difficulties, as we have no
commentary to assist us, and as the indications to be met with in the text as
well as in'the colophons of the chapters, as exhibited by the two Manuscripts
at our disposal, do not, in all cases, enable us to arrive at definite conclusions.

I begin with those chapters, fortunately constituting the majority,
which allow themselves to be referred to their respective sources with confi-
dence.—The very short twelfth chapter is, in its colophon, called Paitimaha
Siddhdnta, and is in its first stanza declared by Variha Mihira himself to base
on the teaching of Pitdmaha; it is the only chapter in the whole work which
is concerned with that Siddhinta.—The eighth chapter treats, according to
its colophon, of the calculation of solar eclipses according to the Romaka
Siddhénta ; and that this really is so, we again have no reason to doubt, as the
first stanza refers to the Romaka by name, and as, moreover, the contents
of the chapter agree with the statements made in the first chapter about the
yuga and the ahargana of the Romaka Siddhinta.—The ninth, tenth and
eleventh chapters undoubtedly summnarize the doctrines of the Strya Sid-
dhinta, as is stated in the colophon, indicated in the first stanza of chapter
JIX, and borne out by the general agrecment of the contents of the three
chapters with the Strya Siddhinta as known at present. The sixteenth
chapter contains, according to the colophon and to stanza 1, the rules of the
Stirya Siddhanta for finding the mean places of the planets; and the seven-
teenth chapter which teaches how to caleulate their true places we may
without hesitation refer to the same Siddhinta.

Among the remaining chapters of the work I at first single out those
in which Variha Mihira apparently does not intend to reproduce specific
features of one particular Siddbhnta, but rather to summarize doctrines held
by all the more advanced astronomers of his time, and most probably set forth,
with greater or less variations, in three of his five Siddhdntas, viz., the Strya,
Pauliéa and Romaka Siddhéntas. To this olass of chapters, in which we
digcern more of the individual Variha Mihira than in the remainder of the
work, I feel inclined to reckon three or perhaps four sections, In the first
place the thirtecenth chapter, designated in the colophon as ‘trailokya-
samsthdna’, which gives a popular exposition of the sphericity of the earth
and the different aspects of the celestial sphere which are due to difference.of
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terrestrial latitude. The mode of treatment of these questions is no doubt
Varfha Mihira’s own, as also the interesting criticisms passed on some
astronomical schools. In the same way the fourteenth chapter, which is
chiefly engaged in showing how certain results may be obtained not only by
calculation but more directly by observation and the inspection of certain
mechanical contrivances, appears, on the whole, to be Vardha Mihira’s own,
although the more scientific of his five Siddhintas no doubt treated of those
topics in a similar manner. The same remarks apply to the fiftcenth chapter
which is even more distinctly individualistic, and contains interesting re-
ferences to other astronomers. I am more doubtful about the position of
chapter IV. which in the colophon is merely counted as such, without any
special designation. The matter of the chapter corresponds to what in the
best known astronomical works is set forth in the so-called tripraguidhikéra,
with the addition, however, of rules for caleulating the table of sines (which
ordinarily are given in the spashtidhikéra). It is not improbable that here
also Vardha Mihira sums up, in his own fashion, whatever he found of value
in the corresponding chapters of the Romaka, Pauliga and Stirya Siddhin-
tas. On the other hand, as the fourth chapter follows and precedes chapters
specially devoted to the Paulisa Siddhauta, it is not impossible that its
contents are meant to sum up the teaching of that Siddhinta only. The
decision in this case is however of no very great importance, as the rules
given in the fourth chapter on the whole closely agree with the general

Siddhénta doetrine.

Among the chapters not yet discussed we first notice the sixth chapter
which the colophon states to treat of solar eclipses according to the Paulida
Siddhénta. I see no reason for rejecting this statement; for although the
text of the chapter itself does not refer to the Paulisy Siddhiuta, it most
probably actually bases on the teaching of this Intter work, sinee the two
other chapters (VII and VIII) which teach the theory of solar cclipses cer-
tainly refer to the Strya and Romaka Siddhntas. Krom this again it follows
with great probability that also the sixth chapter, which treats of lunar
eclipses, represents the teaching of the Pauliss Siddhinta; and if 80,
then likewise the fifth chapter wercly designated as Sagidarganam. These
assumptions are confirmed by the fact that these three chapters treat only of
the caleulation of eclipses in the narrower sense, to the exclusion of all preli-
minary operations, such as the ascertainment of the mean and true longitudes
ete. of sun and moon, so that an introductory chapter setting forth those
latter topics is required. Now, a chapter of this nature is supplied by the
third one of the Pafichasiddhintikd which gives rules for finding the mean
and true places of the sun (and of the moon ?) and for similar operations, and
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which, in its colophon at least, is said to represent the teaching of the Paulisa
Siddbanta. The relation, however, of the third chapter to the one immediately
preceding is puzzling. The second chapter is, in the colophon, merely desig-
nated as “nakshatrddichchheda,” but its contents comprise firstly a rule or
set of rules for finding the mean (and perhaps also true ?) places of the moon
(stanzas 1—T7), and, secondly, a set of rude, approximative rules for calculat-
ing the length of the day at any time of the year, the length of the shadow
of the gnowon, and, from the latter, the mean place of the sun, and the lagna
(and vice versd; stanzas 8—13). The chapter concludes with the words
“This is the (calculation of the) shadow according to the concise Vésishtha
Siddhdnta.” The question now is, whether this whole chapter has to be
viewed as epitomizing the Vasishtha Siddhinta, or whether that work is
represented ouly by its latter part. The rules contained in stanzas 8—13 are
of a very rough character, and can, for that reason, hardly come from the
Pauliga Siddhénta ; their character, on the other hand, agrees very well with
the criticism passed by Variha Mihira, in the first chapter, on the imperfec-
tions of the Vasishtha Siddh4nta. It is more difficult to arrive at a conclu-
sion regarding the rules embodied in stanzas 1—7. If they do not belong to
the Vasishtha Siddhinta, it would follow that the Paiichasiddhéntika, which
after all promises to render us acquainted with the doctrines of all the five
Siddhdntas, however imperfect some of them may be, does not even inform us
how the place of the moon is caleulated according to the Vasishtha Siddh4nta,
whilc it yet gives the corresponding rules from the, cortainly not more ad-
vanced, Paitimaha Siddhinta, very conciscly indeed but yet with sufficient
fulness. On the other hand there appears to be some reason for tracing the
rules to the Pauliga Siddhdnta. The third chapter, which, as we have seen
above, we may connect with the Pauliéa Siddhé4nta with a very high degree
of probability, gives in stanzas 1—3 the required rules for finding the mean
and true places of the sun, and then continues, in stanzas 4—9, to give cer-
tain rules about the moon. Now these rules have unfortunately remained
obscure to us; but yet so much appears certain that they are somchow
connected with the rules concerning the moon given in the former half of
chapter II, constituting, as it scems, a kind of continuation, or more accurate
version of the latter. But again, on this latter hypothesis no reason is
apparent why the two sets of rules should be separated from each other by
the altogether heterogencous matter treated of in the latter half of chapter II.
I therefore see myself obliged to leave this point undecided, and only wish to
suggest, as a third not impossible alternative, that the method for caleulating
the places of the moon which is set forth in chapter II belonged, in its essen-
tial features at least, to the Pauliéa as well as to the Vasishtha Siddhinta,
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and that stanzas 8-13 of the third chapter add certain details which were
peculiar to the former of the two Siddhintas. It is greatly to be regretted
that the introductory stanza of chapter II, which possibly would throw sowe
light on the position of the chapter, has remained altogether obscure to us.

There now remain for adjudgment only the first and the last chapters
of the PafichasiddhAntiks. The latter I shall discuss further on. Lhe position
of the former is altogether clear; it contains, subsequently to some intro-
ductory stanzas, a rule for calculating the ahargana according to the Romaka
Siddhanta, an exposition of the principles according to which the intexcalation
of lunar months and the omission of lunar days are managed in the Paulida,
Romaka and Strya Siddbantas, and finally a set of rules for caleulating the
so-called Lords of the year, month ete., which rules were most likely given
in each of the three Siddhéntas last mentioned.

The second question, which must be touched upon before we can review
the teaching of the individual Siddhéntas, is whether the Pafichasiddhintika
represents the teaching of the five astronomical works, on which it iy pro-
fessedly based, with absolute aceuracy, or rather allows itsclf certain wodi-
fications of the doctrines summarized. This question is one of considerable
importance ; for before we have settled it one way or other, we are unuble to
judge of the historical position of the five Siddhintas, and to compare the
account, given of them by VarAha Mihira, with what we know about them
from other sources. We have, in this part of our investigation, to occupy
ourselves almost exclusively with the Strya Siddhinta, Deeause that treatise
is the only one of tho five Siddhdntas which has come down to our time, and
thus allows of our comparing it with what Vardha Mikhira tells us about the
Strya Siddhanta as known to him. Now a cursory survey of those chapters
of the Pafichasiddhantikd which treat of the Strya Siddbauta shows at onee
that the treatisc of that name known to Varkha Mihira agreed with the
modern Strya Siddhinta in its fundamental features. The methods of the
two treatises are essontially the same and, on the other hand, sufticiontly
different from those of the other Siddbantas summarized by Vardha Mibira,
to ensure to the Strya Siddbanta in its two fold form a distinet position of
its own. At the same time we cannot fail to notice that in certain points the
teaching of the old Strya Siddbénta (by which name I shall, for shortness
sake, designate the Sirya SiddhAnta known to Varfha Mihira) must have
differed from the correspondent doctrines of its modern representative, 1f
we, for instance, obscrve that the old Strya Siddhinta assigned to the mean
diameters of sun and moon the values 32’ 5" and 30’ 54" (P. 8. IX, 15. 16),
while 82" 3."6 and 32’ are the corresponding values according to the modern
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treatise ; or if we notice the values assigned in X'VII 1. 2 to the epiceycles of
the apogee which altogether differ from those stated in the modern Strya
Siddh&nta; we are driven to the conclusion that in these and similar points
the treatise used by Variha Mihira really differed from the modern one known
to us. For we are altogether unable to imagine any reason why Variha
Mihira should have changed, in the details referred to, the doctrines of the

book which he aims at epitomizing.

There is however a series of other cases in which the decision is not
quite so simple. While, as remarked above, the mathematical processes
preseribed in the old Sdrya Siddhinta agree on the whole with those of the
modern treatise, it at once appears that Vardha Mihira whose intention it
is to write a karapa considers himself entitled to represent the teaching of
his original in a somewhat condensed form, facilitating the quick despatch
of the required astronomical calculations. What he f. <. says, in the first
chapter, about the yuga of the Stirya SiddhAnta, clearly is an abbreviated
statement of the corresponding doctrines of the old Strya Siddhinta, and
we therefore have no reason to doubt of the old Siddhénta, as wcll as the
modern one, having taught that 4320000 years constitute a great age, and
that one thousand such great ages go to a kalpa. The fact is that for all
the merely theorctical part of a Siddhinta there is no room in the karana,
and that hence the latter does all that is required if, instead of describing
the great periods of the world, it states the smallest possible aggregate of
years comprising an integral number of lunar months and natural days. So
far we have no reason to hesitate in accepting Variha Mihira’s statements as
a faithful, though somewhat modified, rendering of the meaning of the old
Stirya Siddbinta; the question however assumes a somewhat different aspect
when we compare the number of natural days contained, on the one hand,
within the mabiyuga of the modern Strya Siddhénta, and, on the other hand,
within the corresponding period according to Varfha Mihira. The modern
Stirya Siddhanta teaches that a mahdyuga of 4320000 years comprises 1593336
intercalary months and 25082252 omitted lunar days, whence it follows that
the number of sivana days contained within the same period amounts to
1577917828, Vardha Mihira on the other hand, following /s Strya Siddhénta,
states that a period of 180000 years comprises 66389 intercalary months and
1045095 omitted lunar days, so that a mahfyuga (=24x 180000 years) con-
sists of 1577917800 shvana days, 5. ¢. 28 days less than according to the modern
Strya Siddhinta. Here it certainly appears possible that Variha Mihira
ghould have slightly diminished the number of the sdvana days of the mahi-
yuga, and implicitly the length of the solar year, in order to be able to reduce,
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that number, as well as the number of the years of the yuga, by twenty-four
and thus to arrive at figures more easy to manipulate ; all the more as the
inaccuracy involved in that change would affect to an almost insensible degree
only the comparatively short periods to which the rules of the karana grantha
are meant to be applied. But in spite of this undeniable possibility T am in-
clined to think that in the present case also Variha Mihira procecded with
strict accuracy, and that his Strya Siddhanta actually assigned to the great
yuga twenty-eight days less than the modern treatise does.  For in addition
to the general consideration that there are several other items in which the
old and the new SiddbAntas differed beyond any doubt, we have in the pre-
sent case two special reasons wiz. firstly that it would have suffieed to diminish
1577917828 by four (instead of twenty-cight) in order to make it divisible by
twenty-four ; and secondly that the estimation of the length of the solar year
implied in the statement of the old Strya Siddhunta agrees exactly with that
value of the length of the Solar year that results from the clements of that
Pauliga Siddhinta about which Bhattotpala’s commentary on the Brihat
Samhitd and Prithtdaka Svimin’s commentary on Brahmagupta’s sphuta
Brahma Siddhénta furnish some information. As we shall see at onee,
Variha Mihira’s Strya Siddhinta agreed with that Pawliéa Siddbdnta in
several other points also, and it therefore is not fmprobable that the two
Siddhéntas were at one also concerning the length of the solar year.  If this
is so, the most important item by which hitherto the Strga Siddhinta was
considered to be distinguished from the Paulise Siddhinta (as reported by
Bhattotpala ete.) would vanish; which clearly shows that an accurate jnves-
tigation of the degree of strictness with whieh Vardha Mihira reproduces the
doctrines of his Siddhdntas cannot be dispensed with.

Similar to the ease just discussed is that of the mean revolutions of
the planets, as reported, according to the Stirya Siddhanta, in the 16th chapter
of the Pafichasiddhdntikd. As appears from the notes to the translation
and the latter part of this Introduction, the periods assigned to the mean re-
volution by the old Sirya Siddhinta differed more or less from the correspond-
ing values stated in the modern troatise. There, however, the hypothesis of
Vardha Mihira having for some reason or other modificd the eloments of the
work with which he had to deal seems altogether excluded.  If he had chosen
to state the length of the revolutions of the planets in the ordinary form i, e, by
establishing periods within which the planets perform integral numbers of com.
plete revolutions, he might possibly have had reason to wanipulate the tradi-
tional numbers to a certain extent, s0 as to reduce them to more wanageable
terms. But in the case under discussion he follows another plan viz. of at
first stating the time of one revolution in round numbers, and then directing
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us to apply a certain correction, in order to make up for the inaccuracy in-
volved in the employment of those round numbers. Now it is easy to see
that, if Vardha Mihira’s Strya Siddhinta had exhibited the same figures as
the modern Siddhénta, the amount of the corrections would differ from that
actually stated by him, and we therefore are entitled to conclude that regard-
ing the revolutions of the planets also the old Strya Siddhinta actually
differed from the modern one; a conclusion moreover made more acceptable
by the circumstance that several of the values assigned to the mean revolu-
tions by Varfha Mihira’s Siddhénta agree with the teaching of the Paulida
Siddh4nta known to Bhattotpala, and with that of Aryabhata.

That the difference, observed between the numbers of the natural days
of the yuga as stated by the two Strya Siddhintas, is due to a rcal discrep-
ancy of the two books, is further confirmed by the rule given in Chapter X
92 and 4 for finding the mean place of the moon. This rule is based on the
elements of the yuga as stated in chapter I, but for the sake of greater
facility of calculation employs reduced numbers. Instead of multiplying the
given ahargana by %7%%37‘;5 (the numerator of which fraction are the side-
real revolutions of the moon during the period of 180000 ycars, and the
denominator the sdvana days comprehended within the same time), it dircets
us to employ the expression 23‘;88(5%, and thereupon—in order to make up for
the error involved in this substitution—to deduct from the mean place of the
moon thus found ;;L—:, for each revolution. In other words, Variha Mihira is
unwilling to allow to pass an error in the mean position which amounts to no
more than one sixtieth of a sccond of space for each revolution. But if he,
on the other hand, had purposely, for mere convenience of calculation, lessen-
ed the length of the mahiyuga by twenty-cight days, he would thereby
have reduced the length of each sidereal month by about four hundreths of
a second of time, which in its turn would have implied an error in the moon’s
mean place amounting to about one fifticth of a second of space for each
revolution. So that, while anxious to correct one small error, he would have
allowed another greater one to pass; an assumption which we have absolutely

no right or reason to make.

The investigation of special cases thus certainly favours the conclusion
that the changes which the old Strys Siddh4nta has undergone in Variha
Mihira’s representation are purely formal, and that convenience of calculation
is held by bim to be a consideration of altogether secondary importance.

‘We therefore, and this is the most important conclusion to be drawn
from the preceding enquiry, may hold ourselves entitled to look in the same
light upon Varsha Mihira’s rendering of the other Siddhdntas which we can
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check neither by means of the originals nor with the assistance of modern
recasts. There also we must hold Varfha Mihira to have closely followed
the elements and methods of the authors of the Siddhintas, and to have
permitted himself only minor changes, such as facilitate caleulation with-
out affecting the fundamental character of the rules. Genoral principles,
enabling us to judge with certainty how far those changes may extend, can
however not be laid down ; we rather must judge each given case on its own
merits. When we f, 4. find that the yuga of the Romaka Siddhinta com-
prised, according to Variha Mihira, only 2850 years, we may raise the ques-
tion whether this yuga is the truc yuga of the Romaka, or ouly represents
a subdivision of the truc yuga, analogous to the 180000 years of the Strya
Siddhinta which, as we have seen above, must be considered as the smallest
fraction of the mahfyuga with which the caleulation of the aliwrgana ean be
effected.  But we shall without much hesitation decide in favour of the
former alternative, in the first place because the yuga of the Romaka
Siddhinta is exprossly called a yuga of the sun and moon, for the formation of
which a comparatively small number of years was sufficient, and in the second
place becanse Brahmagupta, in a passage to be quoted later on, testifies that
the Romaka Siddhinta did not conform to the traditional views conecrning
the large periods of time. If, again, we find thnt according to the Paiicha-
siddhantiks the Paulida SiddhAnta made no use of yugas of any kind to the
end of calculating the ahargana and the mean positions of the planets, but
ewployed for those purposes a peculiar system of its own, we cortainly must
conclude that system to have been actually taught in the original Paulida
Siddhinta, and not construeted, as indeed it might have been, by Variha
Mibhira on the clements of the Pauliga Siddhinta.  For why, we must ask
ourselves, should he have transformed in that way the elements of the Laulisa
Siddhanta rather than those of the other Siddhdntas which without any
difficulty might have been thrown into the same form?  And, to single out
one fyrther point, if we find that the Pafichasiddhintikd gives a rule how to
caleulate, according to the Stirya Siddhanta, the equation of the eentre of sun
and moon for any given anomaly, while it represents the Paulign and Romaka
Siddhintas as merely stating the amount of those equations for a certain
series of anomalies, without teaching us how to caleulate the equations fur the
intervening anomalies; we must again suppose that Varfha Mihira faithfully
renders characteristic features of the original Siddhintas as he found them :
for if he had held the opinion (which as the writer of a karana he indeed
might have held) that the practical astrouomer knows enough, if be can
assign the equations of the centre for, let us say, each fifteen dogrees of
apomaly, he would no doubt-not have given the general rule from the Sirya
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Siddhinta, but caleulated from it the amounts whose knowledge he considered
indispensable, and inserted them ready calculated in his text.

We therefore arrive at the conclusion that Variha Mihira has in no
case obliterated the characteristic features of the Siddhintas he had to deal
with, and that whatever distinguishes those works from one another in the
text of the Pafichasiddhéntiki really distinguished them in their original form.
‘We may note in conclusion that there is one interesting circumstance which
furnishes a kind of counterproof to this conclusion. According to VII. 1.
and VIIIL 9 the Paulisa and Romaka Siddhintas calculated the parallax in
longitude at a solar eclipse in exactly the same manner. Now Variha Mihira
accentuates this agreement of the two works by stating the rule each time in
exactly the same words. But an author, who is so evidently desirous to mark
the points in which the different authorities on which he draws are at one,
may certainly be supposed to be no less scrupulous in stating the details in
which they diverge.

After having thus cleared the way, I proceed to give short summa-
ries of the doctrines of the five SiddhAntas, beginning with that one which,
owing to the existence of a modern rccension, is best known, viz. the Stirya
Siddhinta.

According to I. 14 the Strya Siddhinta of Variha Mihira taught that
180000. years econtain 66389 intercalary months, and 1045095 omitted lunar
days. The number 180000 is the twenty-fourth part of the ycars of a mabi-
yuga; if we therefore, for comparisen’s sake, multiply the figures given above
by twenty-four, and deduce from them the number of the sivana days of a
yuga, we obtain 1577917800 ; while the corresponding figure for the modern
Siddhinta is 1577917828. The length of the sidercal year resulting from
these figures is 865% 6 127 36”56 in the case of the modern, and 365% ¢ 12
36" in the case of the old Strya Siddhanta. The latter value cxactly agrees
with that which, according to Bhattotpala and others, was assigned to the
solar year in the Pauliga Siddhinta.

What the old Stirya Siddhénta taught about the mean motions of the
sun and moon, is immediately apparent from the above statement concerning
the nature of the yuga. The number of the moon’s sidereal resolutions dur-
ing the yuga is the same as in the modern Siddhinta; whence it follows that
each revolution is a little shorter (the yuga of the old Siddhinta counting
twenty-eight days féss than that of the modern one). Rules how to calculate
the mean positions of the sun and moon are given in chapter IX ; they how-
ever call for no special remarke, as they follow immediately from the constitu-
tion of the yuga.—The duration of the revolution of the moon’s apogee may

Strya §
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be derived without difficulty from stanzas 3 and 4 of the same chapter. Fromn
stanza 8 it follows that one resolution is performed in S314 28N 49 16776 ;

while the duration resulting from the elements of the modern Siddhanta
amounts to 323238 2» 14’ 53"-4. And if, accommodating ourselves to the
general Siddhinta practice, we determine the number of revolutions performed
within one mahfiyuga, we obtain 486219 for Vardha Mihira’s Strya Siddbianta;
while the modern Siddhéinta gives 488203 only.  We note that according to
Aryabhat_:a, also the apogee performs 488219 revolutions within one mahdyuga.

From stanza 5 of the same chapter' we learn that the old Strya Sid-
dhénta agreed likewise with Aryabham in reckoning 232226 revolutions of the
moon’s node to one mahdyuga ; while the modern Siddhdnta counts 282228 —
In estimating the greatest latitude of the moon ab 270 minutes (stanza 6) the
old Strya Siddhénta agreed with the modern one.

According to stanz 7 the old St’lrygt Siddhanta assigned to the sun's
apogee the longitude of cighty degrees. Aryablata gives 78" ouly, and a
ealeulation of the place of the apogee for the epoch of the Pafichasiddhantika,
based on the elements of the modern Strya Siddhinta, gives about 77" The
Pafichasiddhintiks says nothing about the revolutions of the apogees of the
sun and plancts, and it hence is possible that the old Stirya Siddhanta was not
yet acquainted with the theory held, on entirely insufficient grounds, by the
wodern treatise, and modern Hind@ astronomers in general, that the apogees
of the sun and the planets perform a certain nunber of revolutions within a
mabdyuga or kalpa. On the other hand it might be supposed that Varghe
Mihira, although acquainted with that doctrine, yet confined hinself to stating
the places which the apogees oceupied at his time, sinco so mueh is suflicient
for the purposes of a karana-writer.—The rules for finding the true plaees of
the sun and moon, which are given in stanzas 7 and 8, are analogous to those
of the modern Sdrya Siddhinta, with the one important diffurence that, while
the latter assumes epicycles of different size for the even and odd quarters of
the revolution of the two bodies, Varfiha Mihira’s Strya Siddhdnta knows of
one epicycle only for the sun as well as for the moon.  The rules for finding
the true motion, ete. given in stanzas 13 and 14 agree with those of the
modern work.

The rules for caleulating solar and lunar eclipses agree with the madern
rules as far as general methods are concerned, but at the same time show
wany deviation in details; so £ 4. in the caleulation of the parallax in solar
eclipses. Some of these rules wo have, moreover, not been able to clucidato
to our full satisfaction.
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The mean motions of the planets (apart from sun and moon) are given
in chapter XVI. The following statement shows the numbers of complete
revolutions during one mahiyuga according to the old and modern Strya
Siddhintas.

0Old St. Si. Modern St. Si.

Mercury 179387000 17937060
Venus 7022388 7022876
Mars 2296824 2296832
Jupiter 364220 364220
Saturn 146564 146568

The two Siddh4ntas thus agree concerning Jupiter only, and disagree
therein from Aryabhata, according to whom Jupiter’s revolations amount to
364224 in one mahiyuga. The old Strya Siddhinta agrees with Aryabhata
and the Pauli$a Siddhénta (according to Bhattotpala), as far as Venus, Mars
and Saturn are concerned, while it agrees with the Pauli¢a Siddhinta only
concerning Mereury and Jupiter.

The positions of the apogees and the dimensions of the epicyeles of the
apsis and the conjunction are given in XVII, 1—3. If will be observed that,
as rogards the numbers indicating the size of the epicycles of the apsis of
Venus and Saturn, the translation diverges from the corrected text given by
us. The manifestly corrupt text was at first emendated on the basis of the
dimensions stated in the modern Strya Siddhénta, the hypothesis of the
agreement of the two Siddh4ntas in this detail being resorted to in the absence
of evidence decidedly favouring any other assumption. But I afterwards
discovered that such evidence exists. The statements which Brahmagupta in
his Khandakh&dyakakarana makes about the places of the apogees and the
dimensions of the epicycles agree with those made in the sixteenth chapter of
the Paiichasiddhintikd, in all those details in which the text of the latter work
needs no emendation, and it therefore may be presumed that the agreement
extended also to the epicyeles of Venus and Saturn. And examining the
traditional text of the Pafichasiddhintik4 from this point of view, we find that
instead of the ‘Surfis’ of stanza 1 we have to read not ‘dards’ but ‘svards’
and that the trimsédh’ is correct without any further addition. It is true
that thus the Aryﬁ, remains defective; but the word, or words, missing were
most probably expletive rather than efxsential to the sense. Brahmagupta
maintaing his karana to be founded on Aryabhata, or at any rate to give re-
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sults equal to those to be derived from Aryabhata* it is then a some hat
curious circumstance—into the diseussion of which T cannot enter fn this place
—_that the dimensions of the cpieyeles and the positions of the apogees assumed
in the Khandakhddyaka (as well as in the dixteenth chapter of the Paincha-
siddhéantika) differ, all of them, more or less fron those recorded in the Laghu.
Aryabhattya.t

The method, taught in chapter XVIT, of caleulating the cquations of
the apsis and of the conjunction agrees on the whole with that prescribed in
the modern Strya Siddhanta, although there are several divergenees in details.
Peculiar are the special rule given for Mereury in stanaa 10, and the correetion
to be applied to Venus' place according to stanza 11, The statements as to
the distance from the sun at which the planets beconme visible diffor to some
extont fram those made in the modern Siddhanta; so also the greatest latitndes
of the planets given in stanzas 13 and 14,

An omission which wight make us suppose that the chapter ns griven
in our Manuscripts is not complete is that nothing whatever is said about the
places of tho planets’ nodos.

We next turn to the Paitimaha Siddhinta which indved has not eonwe
down to our time, but whose teaching throughout agrees with that of a well
known seetion of Hindd astronomical Hterature.

Of this SiddbAuta there treats only one very short chapter, of the
Paiichasiddhfintikd viz. the twelfth one ; but its five stanzes manifistly suflice to
reproduee everything of mportance comtaine in that very primitive troatise
The Paithinaha Siddhdnta, known to Variha Mihira, reproscots Hindd Astro-
nomy as not yet affucted by Greek influences,f and thus belongs to the sume
category as the Jyotisha-Vedanga, the Garga Samhitd, the Steyaprajiapti and
similar works.  From what Varghe Mihira says about its contents, wo might
alost identify it with the Jyotisha Vedinga. The yuga on whick the ealeu-
lations of the Paitdmaha Siddbinta base i the well known quingquennial one,

* Brabmagupta’s Khandu-khidyaka begins with the fulluwing stanza
wigum wmed sngatsiaiaomaig o
s BRSNS R
t It is elso worthy of notice that Amasarman, one of the Commentators of the Khandu-
khadyaka, quotes some stanzas from a Paulida tanten which make the same statomonts sbout the

dimonsions of the epicyclos as the Khandukbidyaka itself, and, moreover, secms geverally to treat
the doctrines of Aryabheta and the Paulida as cquivalent,

1 As already pointed out by me in my paper on the Jyotisha-vedhiga, Jourual of the
Agiat. Soc. of Bengal 1878,
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which consists of five solar years of 366 days each, and contains sixty solar
months, sixty-two synodical months, and sixty-seven so-called nikshatramonths
1. e. sidereal revolutions of the moon. The beginning of the yuga is marked
by a conjunction of the sun and moon at the first point of the nakshatra
Dhanishthd. The duration of the longest day of the ye.r amounts to eighteen
muhfrtas, that of the shortest to twelve muhlrtas; in the intervening periods
the days increase or decrease by the same daily quantity.—The Paitimaha
Siddhiuta refers to two points only which appear not to be mentioned in the
Jyotisha Vedénga, as far as I have hitherto succceded in making out the
meaning of that difficult treatise. It, in the first place, gives a rule for calcu-
lating the so called vyatipita yogas (st. 4); and in the sccond place, fixes a
period from which the quinquennial yugas are to be counted. In st. 2 Variha
Mihira directs us to deduct two from the Sika date, and to divide the remain-
der by five; which implies that a new yuga is supposed to begin w1th the
third year of the Sika Era, or two Shka clapsed.

Whether this dircetion is due to Variha Mihira only, or was already
contained in the Paitdmaba Siddhanta, may be considered doubtful ; the latter
alternative, however, appears to be more probable, as Vardha Mihira, if in any
way adding to—or rendering more definite—the teaching of the Paitimaha
Siddhanta, would most likely have adapted it to the same initial date as the
other Siddhintas, viz. 427 Shika.

The Paithmaha (Brihma) Siddhinta known to Vardha Mihira has thus
to be distinguished from the Brahma Siddhinta on which Brahmagupta’s
Sphuta Siddhinta is based. That Brihma or Paitfmaha Siddhanta is a short
treatise in prose, forming part of the Vishnudharmottara-Purdna, and belong-
ing altogether to the wodern phase of Hind®t Astronomy. The number of
Brahma Siddbintas, known at present, thus amounts to four, iz the Paitd-
maha Siddhinta sunmarized in the Paiichasiddhintiky, the Paitdmaha Sid-
dhanta forming part of the Vishnudharmottara, the Sphuty Brahmasiddhinta
by Brahmagupta, and that Brahwa Siddhinta whose wore ordinary name is
Sikalya Siddhénta.

There now remain the Romaka, Pauli§a and Vasishtha Siddhintas, for
the teaching of none of which we have any other source of importance but
the Pafichasiddhintikd. I begin with the first mentioned of these three
treatises.

The fifteenth stanza of the first chapter shortly describes the nature of

the yuga employed by the Romaka Siddhinta. The yuga is called ‘one of
the sun and moon’ ¢. e. & lunisolar one, and said to comprise 2850 years,

Romakal
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which period is further stated to contain 1050 adhimdsas and 16?-17 pralayas
i. ¢. tithipralayas, omitted lunar days. The above numbers of years and
intercalary lunar months allow of being reduced by 150, and wo thus find thn:t,
in the opinion of the author of the Romaka, 19 solar years exactly contain
seven intercalary months, or—if we take the entire sum of months —that 19
solar years comprise 235 synodical lunar months.  The yuga of the Romaka
is thus evidently based on the so-called Metonic period, named after the
Athenian astronomer Mecton who, about 430 B. C., showed the means of
improving the Greck Calendar of his time by the assumption of 19 tropical
years comprising 235 syuodieal months.—That the Romaka Siddhdnta, instead
of making usc of the simple Metonic period, employs its one hundred and
fiftieth multiple, has a reason not difficult to discern.  The author of the
Romaka, although manifestly borrowing his fundamental period from the west,
at the same time wished to accomodate himself to the Indian fashion of cal-
culating the sum of days which has elapsed from a given cpoch (the so-called
ahargana) by means of a cyclic period comprising fntegral numbers of solar
years, lunar months and natural days.  Now the simple Metonie poriod does
not represent an aggrogato of the nature required, neither it wo —with Meton
himself—estimate the length of the tropical yuar at 365 [ days, nor ift we avail
ourselves of the more accurate determinations by which later Gireck astrono-
mers improved on the work of Meton, and it therefore heosonns requisite to
employ & multiple.  What the multiplying number is to be, of course dopunds
on the value assigned to the length of the yoar, and we therofore have to as-
certain the opinion held on this poing by the author of the Romaks. The
data supplied in stanza 15 enable us to do so without diffeulty.  For if we
multiply the 2850 yoars of the Romaka yuga by 12 (in order to find the num-
ber of corresponding solar months), add the 1050 adhimdsas (wherehy wo
obtain the number of synodical lunar months), multiply by 30 (so as to find
the lunar days), and finally deduct tho 16547 tithi pralayas, the final result
smounts to 1040953 natural days; which being divided by 2850 (the number
of the years of the yuga), wo obtain for the length of one year 365% 5% 55 12",
But in order to form an aggregate of years which contains an integral number
of days and at tho sane time is divisible by nincteen, 19x 50 =2850 yuars
have {o be taken,

Whence the above determination of the year's longth was adopted by
the author of the Romaka, there cannot be auny doubt. The year of the
Romaka is, down to seconds, the tropical year of Hipparchus or, if we like,

of Ptolemy who accopted the determination, considerably faultive as it was,
made by his great predecessor.
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The rule for calculating the ahargana according to the Romaka
(L. 8—10), and so likewise the rules for finding the mean places of the sun
and the moon (VIIL 1. 4) immediately follow from the constitution of the
yuga, and have been elucidated in the notes to the translation. The length
of the periodical month would, according to the Romaka, amount to 272 7®

437 6.3".

To the apogee of the sun the longitude of 75° is ascribed in VIII. 9.
—The apogee of the moon and its periods of revolutions are not, in the usual
Indian style, treated apart from the moon’s motion ; the 8th cliapter (stanza 5)
rather contains a rule for calculating the moon’s position with regard to her
apogee directly <. e. without any preliminary separate calculation of the apo-
gee’s place. The kendra nentioned there is the moon’s anomaly, and the rule
implies that the anomaly revolves 110 times within 3031 days, in other words
that the moon returns to her apogee, or performs one anomalistic revolution,
in 274 13" 18" 32", 7.

By deducting the longitude of the sun’s apogee from the mean longi-
tude of the sun we find the sun’s anomaly, and may then proceed to ealculate
his true longitude. For the latter process the Romaka Siddbdnta however
docs not supply any gencral rule, enabling us to deduce the required equation
of the centre for any given anomaly; but contents itsell with stating the
amounts of the equation from 15 to 15 degrees of anomaly. These amounts
are stated in VIIL 3, and it is of interest to note that they agree very closely
with the corresponding amounts given by Ptolemy. The greatest equation
of the centre, which according to the modern Strya Siddhiuta amounts to
2° 10’ 13", and which in no other Hindd text book known to me greatly differs
from this latter value, according to the Romaka amounts to 2° 23’ 23", while
Ptolemy assigns to it the value of 2° 23'; and also the equations for the
smaller anomalies show a pretty close agrcement, as appears from the follow-
ing tabular statement

Degrees of Anomaly. 15 30 45 | 60 75 90
Equation of centre according
to the Romaka. 47 42" | 1°8'877 | 1° 387307 | 2° 27 49" [ 2° 17/ 5" | 9° 28’ 28"
According to Ptolemy. 10y | 2 1 ‘ 2° 98’

The values quoted from Ptolemy are those given by him for the quadrants of
the apogee. The Romaka Siddhfnta apparently makes no distinetion of
quadrants, but employs the same equations indiscriminately for all,
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In an analogous manner stanza 6 states the moow’s equations of the
centre from 15 to 15 degrees of anomaly.  These equations do not agree very
closely with the corresponding oncs of Piolemy, according tz') whu‘m the _,«,;x'vnt,:-
est equation amounts to 5° 1".—The length of the revolution of t.h’u moon’s
node amounts, according to VIIL 8, to 6796¢ T4 in pretty close arecment
with Ptolemy’s determination of the sawmc quantity, vz (;7'5)('5“ ‘H:‘ ete-——(on-
cerning the greatest latitude of the moon we Lave two (.t«)llﬁl(:t,lllj._f stu‘te‘-nwntn
implied in VIIL 11 and VIIL 14, provided the interpretation ‘.‘I thase
stanzas given in the translation be right. According to the former it would
amount to 240”; according to the Jatter to 270, which is the value ordinarily
met with in Hindft astronomical works. Regarding the explanation given in
the translation of stanza 14 I have to remark that it is an atterapt on the part
of my colloborator to connect the rule with the ustal estimation of the moon’s
groatest latitude, while the fraction §, if its denominator be faken as the
reduced Radius, would strietly load back to a greatest latitude of 2x0% - That
different values should be aseribed to the sawme quantity in one and the same
book, might primé facie appear inadmissible; hut it is by no means impossible
that in some of the older Siddhintas there were incorporated empivieal rules,
borrowed from various sources, the rationale of which was not understood,

Stanza 13 gives 30’ and 34’ for the mean measure of the dinmeters of
sun and moon respecetively, and st. 15 gives the ordinary Indian rule for find-
ing the truc diameters from the mean diameters and the true and mean
motions.

The greatest parallax is, as in Indian astronomy generally, supposed
to be cqual to the mean motion during four nidikis; henes the rule given in
st. 9 for caleulating the parallax in longitude, the result being the diffirence
of the parallaxes of the sun and the moon,

The parallax in latitude is ealenlated on the same prineiple (stanzas 10
—14), the result however not giving the difference of the solar and the lunar
parallaxes, but merely the latter oue, the solar purallax boing neglected. An
inaceuracy in the preliminary determination of the zenith distance of the
nonagesimal is noted in the trapslation.—The rule for caleulating the duration

of the eclipse, after the true latitude Las been ascertained (st. 16), is the
usual one.

~ What remains unexplained of the Romaka Siddhinta are, principally,
the different kshepa-quantities met with in the rules for finding the ahargana
(Chapter I), and the mean places of sun, moon. cte. (Chapter VIII). Thuy,
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of course, are intended to enable us to start in our calculation from the epoch
of the Pafichasiddhintikd (or of the, or some, Romaka-Siddhénta, about which
see below), and their elucidation would probably lead to some interesting
results. It will be observed that the rule for calculating the ahargana
professes to be adapted to the meridian of Yavanapura, while the rules for
finding the places of the sun, moon ete. refer to the meridian of Ujjayint.*
The difference in longitude of those two places is stated by Varfhamihira—
following the Pauliéa Siddhinta as it appears—in IIL. 13.—A further
reference to the Romaka which has remained obscurce to us secems to be made
in IIL. 78.—Whether any of the rules concerning the planets which are
given in the last chapter base on the Romaka Siddhinta, is doubtful.

From this short summary of the contents of the Romaka Siddhinta
I pass on to the consideration of its authorship and time of composition,
coupling therewith—for rcasons which will appear later on—an enquiry as to
the date of the PafichasiddlAntiki itsclf.

Hitherto it has been generally held, on the authority of Colebrooke
and Bhiu D4jt, that the original Romaka Siddhinta was composed by Stishena;
an opinion which I myself, when writing my paper on the Pafichasiddhantika
(Journ. Asiat. Soc. of Bengal) was not prepared to abandon entirely, although
then already certain considerations led me to suggest that Siishena’s work
might after all have been a mere recast of an older treatise of the same name.
This latter view I now feel inclined to set forth as the only true one.

The authorities for Colcbrooke’s and Bhiu Dijl's opinion were
Brahmagupta and his commentator Prithtdaka Svimin.  Brahmagupta, in
a considerable number of passagos of his Sphuta Siddhinta, refers to Siishena
by nawe, and in connexion with those passages his commentator repeatedly
remarks that Srishena was the author of the Romaka Siddhinta. And in
one passage at least Brahmagupta himself mentions Srishena in connexion
with the Romaka Siddhinta. That passage which is found in the Tantra-
parikshadhydya (the 11th chapter of the Sphuta Siddbinta) was discussed by
e in the paper referred to above (pp. 290 1), but owing to the very corrupy
form in which the Manuscripts of the Sphuta Siddhinta exhibit its text [
did not at that time fally understand it, so that the meaning of just its most

# The truth of this remark of course depends, in the fixst place, on the corroctness of
the emendation in VIIL 6 owing to which we hauve substituted sEanit s gwarg (read 50 in the
toxt, instead of snwITA®) for the *grwrgat of the Manuscript; and in the second place, on
the assomption that the clause “at sunset, at Avanti” has to be conuected generally with the
rulos given in stanzas 1—5. But both this assumption and the emendution appear to me
well founded.
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important clause escaped me, as it seems to have eseaped Colebrooke and
Bhiu Diji.  The text of the passage, as appearing in Colebrooke’s manuseript
(now in the India Office Library), runs as follows:—

AgmiauEg re ARSI TAL | @

weuiEfagatery uiafead fagngan 1

gamaugimita v guanfa ismfa ) 3

admusdtat wifafagmmta sanfa 1y

TR nNiAT wefdggazdr a1y

EEECHIGERIGIER TR e E R S S

guRaangTE A famadfaaauE | o

Ay afifenargRtmgranwey |

AT nFier WIGUUTARHAEL: | €

Tata it arfgw fawraga | qo

The other Manuseripts of the Sphuta Siddhinta known to we (one
belonging to the Bowbay Government s one, & modern copy, in the library of
the Benares College; and one in the Royal Library of Berlin) have somo
important different readings.  They all vead in line [ sz instead of =e and
in line 5 mrergd® iustead of mdrmga®,  Inline 7 the Ben, MS. rewds mfrenfgae ;
the Berlin MS. hay eifawdswdfzeanem ; and the Dom. MS. afaeiiayntz
gaursr.  In line 8 the Bouw and Ben, MSS, read sfifvnmm@tmaan,  Line
O runs in the Berlin MS. varsa adten dgdramrms: wa: dar. The Ben, MS.
reads adtear Wigatwssa: s, and the Do, MS. giter THIEQTIAW BA: Har
In line 10, instead of anfacgr the Ben, MS. has fafadr, the Bow. M. fafginfa
(not to mention less inportant diflirences).

The general purport of this passage iy elear, Tt is meant as a eritician,
of the performance of Srishena, who fn compoxing his astronomical text book
horrowed rules and proeesses from various sources, and combined thew into
an incongruous whole. Leaving aside for the present the second half of
line 7, and line 10, we may—cmendating the text as given above with the
help of the varictas lectionis—render the passago as follows.

‘From the fact that Srishena, Vishyuehandra, Pradyumna, ;\r;.'nhhm_‘.u,
Lita, and Simha contradiet one another regarding celipses and similar topies,
their ignorance is proved daily.ﬂ The eriticisms which [ (in the preceding part
of tho chapter) have passed on Aryabhata are, with the requisite modifientions,
to be applied to the doctrines of cach of those teachers as well. T will however
make sowe further eritical remarks on Srishena and others.

Stishena took from Ldta the rules concerning the mean motions of the
sun and moon, the moon’s apogeo and her node, and the mean wotions of



INTRODUCTION. XXVII

Mars, Mercury’s Sighra, Jupiter, Venus’ Sighra and Saturn ; from — — the
elapsed years and revolutions of the yuga; from Aryabhata the rules
concerning the apogees, epicycles and nodes, and those referring to the
true motions of the planets; and thus — — —~

Here we are confronted by the latter half of line 9, which seems to
state that thus the Romaka (Siddhinta) was composed (kritah) by Srishena.
But this would leave unexplained the last word of the line which three
Manuscripts give in the form ‘lkanthd.’” Kceping therefore this latter reading,
and substituting (with the Berlin and Bom. MSS.), ‘ratnochchayo’ for the
four aksharas preceding ¢ Romakal,’ I translate ‘and thus the Romaka
(Siddhinta) which was (or ‘is’) a heap of jewels (as it were) has, by
Sfrishena, been made into a patched rag (as it were).”

In other words : Srishena incorporated into the old genuine Romaka
Siddhinta clements borrowed from various heterogencous sources, and thereby
spoilt it, making it look like a picce of cloth, or dress, made up of various
patches. '

The Romaka Siddhiinta going under Srishena’s name was thus not the
original one, but mercly a recast of it, into which new matter borrowed from
different astronomical writers had been introduced.  This is ncither improb-
able in itself, nor altogether destitute of collateral proof.  For if we compare
the information concerning Stishena’s Romaka Siddhinta, given by Brahma-
gupta, with what we now know about the Romaka Siddhinta epitomized by
Varsha Mihira, certain differences between the doctrines of the two works
present themselves at once. I here confine myscll to two points, the
congideration of which docs not necossitate a reference to any other passage
from the Sphuta Brahma Siddhinta but the one quoted above. The first
point of disagrecment is that Srishena, according to Brahmagupta, borrowed
Lis rules for the spashtikarana . e. for the caleulation of the true places of
the plancts, from Aryabhata.  Now Aryabhata’s rules are known to us from
the Laghv-dryabhatiya, and we obscrve that they agree in all essential points
with the corresponding rules of the Strya Siddhinta, specilying, as the latter
work does, the dimensions of the paridhi—epicyele of cach planct, and
teaching how the equation of the centre is to be caleulated trigonomctrically
for any given anomaly. Variha Mihira’s Romaka Siddhinta on the other
hand, as we have scen above, makes no mention of epieyelos, docs not in fact
give any generally applicable rule for caleulating the cquation of the centre,
but merely states in a tabular form the oquations, howsocver caleulated, for
each fiftecnth degrec of the anomalies of sun and moon. That Romaka Sid-
dhinta therefore manifestly had not borrowed its rules from Aryabhata, and
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hence canuoi be identificd with Srishena’s work. On the other hand it is
quite intelligible that Nrishena, who appears to have followed the old Romaka
Siddhanta as far as the mean motions of the planets are concerned, should
have borrowed the rules for caleulating the true pIam«»———v.’hul 1 his principal
authority was unable to supply—frow the work of Aryabhata. A second
argument may be drawn from what, i line 7 of the extruct quoted above
from Brahmagupta, is said about Siishena having borrowed from some other
work (apparcutly some Vasishtha Siddhanta) his theory as to the clapsed
years and revolutions of the yuga. Judging from the expressions made use
of in that place and from the context in which it stands, Srishena's views
about the yuga must have been akin to those generally held in the Siddbintas
on that poiut, the yuga being a vast period of time comprising dutegral
numbers of complute revolutions of all the plancts.  But as we have seen
above, the yuga employed in the old Romaka Siddadnta was an altogether
difforent one, of a strictly lunisolar character and henee consisting of a com-
paratively woderate number of yeas.  When, therefore, Bralmagnpta, in
the first chapter of the Sphuta Siddhinta, animadyerts on the non traditional
character of the Romaka Siddbduta,® he manifestly dovs not refer to the
recast by Srishena in whose haunds the Romaka Stddhdnta had assmned o
wore orthodox form, but to the genuine Siddhinta, which at Bralinagupta’s
time was no doubt still in existence and duly distinguished from Srishena's
treatise.

We next have to consider the bearings of a date which, in the first
chapter of the Pafichasiddhantikd, is mentioned in econnexion with the Romaka-
Siddhénta. Stanzas 8—10 which give a rule for ealeulating the ahareuna
(. ¢. the sum of civil days which have clapsed from an initial epoch up to a
given date) direct us first to deducet 427 from the number of the eurrent Saka
year, which means that the initial epoch of the ealeulation is 427 Saka, It
then proceeds to explain the details of the caleulation of the ahargana, and
closes with the words *this is the ahargana in (or, uceording to) the Romaka
Siddhéanta.’ :

That this date—427 Saka—is mentioned in the Pufichasiddhiantika,
has been known to scholars sinee a considerable time. The astronomers of
Ujjayint who furnished to Dr. William Hunter the list of astronomers with
their dates, published by Colebrooke (Algebra p. XXXIIL), gave 427 Suku as
the time of (their second) Vardha Mihira.  Albe Gnd refers to it as the date
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of the Pafichasiddhdntikd. Bhdu D4ji quotes the stanza from the Paficha-
siddhéntikd as furnishing the cpoch of the Romaka Siddhénta, adopted by
Varfha Mihira also. (Journ. Royal Asiat. Soc. New Series Vol. I). Dr.
Kern is inclined to look upon 427 Saka as marking the year of the birth of
Variha Mihira who, as appears from a passage quoted by Bhiu D4ji, died in
Suka 509.

All these views clearly have no further foundation than the passage of
the Pafichasiddhfntiki about the calculation of the aliargana. The view that
427 Saka is the year of Vardha Mihira’s birth we may set aside without hesita-
tion. Dr. Kern was led to that hypothesis partly by the consideration that the
Paiichasiddbantikd, which in one place refers to Aryabham’s views, could
hardly have been composed in 505 A. D. when Aryabhata-—-—born in 476
A. D.—was only 29 years old. 'We now know—Irom Dr. Kern's edition of
the Aryabhatiya—that Aryabhata composed his work in 499 A. D. already,
so that he might very well have been quoted in a book writtten in 505 A. D.
The other argument brought forward by Dr. Kern, viz. that Vargha Mihira
died in 587, certainly goes some way to prove that the Palichasiddhintikd
was not written in 505, but not that Variha Mihira was born in the latter
year. The text of the Pafichasiddhiutikd cnables us at present to judge of
the position of Variha Mihira with regard to the date 427 Saka. From the
chapters on the Strya Siddhéuta it appears that Vardha Mihira considers
that year to be the epoch of his karanagraniha from which all astronomical
caleulations have to start; for all the kshepa quantities involved in the
different rules, given in those chapters for finding the wmcan places of suu,
woon, and plancts, can be accounted for satisfactorily on that basis. I
have no doubt that also the kshepa quantities stated in the Romaka and
Paulida Chapters admit of being explained on the same supposition, but
unfortunately we have so far not succeeded in finding the clue to their right
understanding.  Now it would certainly be most sutisfactory, if we could
assume that the Pafichasiddbintikd was composed in the very year which it
seleets for its astronomical epoch, or at any rate within a fow years of that
year ; for as ncarness of the epoch tends to facilitate all astronomical caleula-
tions and, at the same time, to minimize the inaccuracics resulting from the
fact that karana rules are often only approximatively correct, it is the interest
and the practice of karana writers to choose for their cpoch a year, as little
remote as may be from the time of the composition of their treatiscs. The
positive statement, however, made by Amardja (as quoted by Bhiu Daj1)
about the date of Vardha Mihira’s death docs not favour sueh an assumption ;
and we moreover find that the deduction of 427 forms part of a rule which
in the end is said to be “in’ or “according to’ the Romaka Siddhénta. This



XXX INTRODUCTION.

last circumstance indead, taken by itself, would not suflice fally o mn\':\nm-
me, that the date 427 Saka is not one of Varaha Mi.hu';x"s OWI Chooain
for the phrase ‘according to the Romaka Siddhanta” micht fmly mean t‘h:xt
the general principles on which the aharcana is ealeulatod '(r'.t:. the equations
between solar years and lunar months, and again hetween ey il «l:::w ald Itz'n:n'
days) are taken from the Romaka Siddinta, while at the same tine the tisas
tion of the initial epoch—a point comparatively unessential amd moreover
specially requiring to he settled anew in the vase of vieh new Karana —nicht
be due to Vardha Mihira.  Dut as, after all, 127 Saka cannot, for the renson
stated above, be the date of the compuosition of the Patwhasiddbantiki, wo
may admit that the whole rule about the ahargana, inelusive of the kahepa
quantity 427, was borrowad by Vardha Mihiva from the Romaka Siddhanta,
as was assumed hy DBhaw DAjialeeady, Tt s true that we ave unabide: to
assign a sufliciont veason for Vavala Mihia's choosing to take over the epoch
of one of his Siddhintas rather than to fix his own, which would have Teen
a comparatively casy matter. There way have heen speefnl eivethnstanecy
vendering the year 427 Saka a wore convenient starting point than a later
year; but I am not for the preseut able to point out uny such.

For the time of the compasition of the Padelasiddhidntiha itwf there
would thus remain the poriod hetween 500 and 537 AL DL s that we shall
probably be not far wrong in fixing it about the middle of the sivth eentury.

A further guestion, however, avises in cormesion with the date 42
Shka.  Adwmitting that it was taken over hy Vargha Miliva from the (or o)
Romaka Siddhanta, have we to understand therehy the ortoinad Bomaka®
and consequently to fix the date of that work as late as duo A0 D2 This
question is one of interest in itself, and moreover s o bearing o the more
goneral question as to the period to which we have to assien the Leginnings
of the modern, scientifie, phase of Hindd astronomuy.

For reasons, which I shall sot forth after having finished the survey
of the contents of the five Siddhintas, I consider it altogether fmprobabie
that any of those treatises should have originated so late as 505 A, 1., 1 e,
not carlier than, let us spy, forty or fifty years before the composition of the
Pafichasiddhintiki.  Meanwhilo T wish to dircet attuntion to a special cir-
cummstance which seews to favour the eonclusion, that the original Romaka
Siddhints at any rate was composed earlier than the date mentivned.

From the third stanza of tho first chapter it appoars that already
before the composition of the Paiichasiddhintikd the Romaka Siddhduta had

The qualifieation ‘original” js of course moaut to exslude Srishopn's performance,
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been commented upon (vyikhyéita) in some way or other by Litadeva. Now
it is not of course impossible that Litadeva’s vyikhyina was merely
an ordinary explanatory commentary, composed at some time or other in the
period intervening between A. D 505 (supposing this to have been the date
of the original Romaka) and the year (let us say about 550) in which the
Paiichasiddhintikd was written. Aunother alternative, however, appears to
me the more probable one, for the following reason. I do not cousider it
likely that Vardha Mihira should have mentioned Latadeva at all in connexion
with the Romaka, had he been nothing morc than an ordinary commentator
of that work. Tho fact that he does so meation him seewms rather to indicate
that Litadeva occupicd a somewhat more independent position with regard
to the Romaka, possibly that of a writer who recasts an carlicr work, or
adapts it to a later cpoch.  That Litadeva was more than a mere scholiast,
appears, morcover, from the fact that DBrahmagupta refers to him as an
astronomical writer, and, what is particularly iwmportant, that Varfha
Mihira himself, in XV. 18, thinks it worth while to guote the opinion of
Lita (of whose identity with the Litadeva of the first chapter I sce no
reason to doubt) concerning the time of the day from which the ahargana
has to be caleulated.  And the details given in this Jast quotation lead us a
step further. Tt is there sald that according to Latw's view the beginning of
the astronomical day has to be reckoned from the moment when the sun has
hall sct at Yavanapura. Now this very same view, which here is mentioned
as peceuliar to Lita and as such contrasted with the diverging views of other
astronomical writers on the same subject, is found incorporated in the rule
(T. 8) which professes to teach how the ahargana has to be caleulated accord-
ing to the Romaka Siddhinta. That rule we therefore are entitled to look
upon not as direetly borrowed by Variha Mihira from the old original
Romaka Siddbanta, but rather as constructed by Lita on the clements of
that work in such a form as to angwer the requircments of his time, and
transforred, by Variha Mihira, [rom Lita’s work to the Pafichasiddhingiks.
Hence the date 427 Saka also has to be talen, not as the date o’ the original
Romaka Siddhinta, but rather as the date of Lita or, more definitely, as the
date which Lita, in his comuent on—or adaptaiion of—the Romaka chose
for his epoch. Ilow wmuch older the original Romaka Siddbinta may have
been, is & point which we will toucl on below.

Concerning the speeial character of Lita’s work we may conjecture
that it stood to the Romaka Siddhinta in somewhat the same relation as
Karanas generally stand to Siddhéntas. In conclusion I point out that some
connexion between Lita and the Rowaka Siddbiuta scemns to follow also
frow the statement wade by Brahwagupta in tho passage quoted above
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at length viz. that Shishena took the clements of {he mean wotiong of {he
planets from Lta. For unless Lata himself had taken these clements from
the Romaka, there would appear no reason whatever why the work of
Siishena, who according to Brahmagupta had boreowed all othrr dlements
from other sourcos, should have been called a Romaka® Sibdhinta, We ean,
on the other hand, wnderstand that a Hindi astronomival work shonld ndopt
the name of that Siddhinta with whicli it agrecd in the vles fr ealeulatine the
mean motions of the plancts; for the latter constitute the most eharactevidio
item by which a Siddhidnta distinguishes itself from other works of the samo
class,

The Paunlise Siddhanta next ealls for a short review,

The fundamental information about this Siddlanta o2 that conerning
the formation of the ahareuny is contained in stanzas 1108 of (hye fipst
ehapter which unfortunately appear in the Mannseripts in w0 corropt
a form that we ave unable satisfactorily to explain the details. The Joading
principles of the ealeulation way however be diserredt, all the more realily
a8 they seem not to present any altogethor new featwee, The nuaber 9773
(ritu—sapta—nava—hhaktdl) which in stanzn 11 i exhibited as a divior,
no doubt indieates the number of golar duys after the lapse of which o lupar
month has to be interealated, and the 63 of the s stanz (Wi - rita) sevins
to refor to the number of Tunar days goiie to one avam or oritted Tunar
day, The two nest stanzas then most probuiily state the eaereetions which
the employment of the stated round mumbers remdos it necessary subwe
quently to apply 5 the amount and mode of those correetinms we are howeyep
unable to oxtract from the ineorreet text--The Panlis Riddbinta, thus, in
order to find the total of civil days, whieh have olaje d from a cortain vponly
up to a given date, takes the wwnl steps through adbine su. sl avamm s
(tithipralayas), does not, however, base its ealenlation on any eyelio period
comprehending integral mumbers of years, Junar months aud amitted har
days ; bub reachies its aim in a wore direet manner by extaldishing small T O
gates of days which approxinately contuin one intereulary wonth or one
omitted lunar day, and subsequontly applying an appropriste corveetion,

Our imperfoct understanding of the details of the text provents s
from deriving fram the two stanzas discussed the exact length of the youar
and the month according to the Paulida Siddldnta, The longth of thy year,
however, follows from another passago viz. 111 1, which tenches how to find
the sun’s mean place, and bases on the assumption of a year of 365¢ gb jom,

The rule for finding the place of the moon, givon in the former parg
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of the second chapter,* is of a nature widely differing from the corresponding
rules exhibited by the best known Siddhantas. It therefore puzzled us for
a very long time—all the more as the text the two Manuscripts exhibit is
just in that place far from correct—, until light fell on it from a somewhat
unexpected quarter. If we indeed had noticed from the outset that the
divisor 3031 mentioned in stanza 2 is the same as the one which the Romaka
SiddhAnta (viii. 5.) employs for finding the place of the moon’s kendra, we
might have penetrated more quickly to the sense of the rule given in the
Pauliga Siddhinta; but that circumstance escaped our attention at the
time, and the first clue to the solution of the difficulty was actually supplied
by the observation that the contents of the earlier part of chapter II. of the
Pafichasiddhintikd show clear analogies to the methods employed, according
to Warren and Bailly, by the astronomers of certain parts of southern India
for the purpose of finding the mean and true places of sun and moon. Ac-
cording to Warren (Kéla Sankalita pp. 118 ff.) the astronomers of all those
regions of the Doccan where the Tamul language is spoken make use, for
calculating the longitudes of sun and moon, of a peculiar process called by
him the solar or Vakiam process, whosc characteristic feature is that it
enables us to find the true places without haviug previously ascertained the
mean ones.  This is accomplished (if we limit ourselves in what follows to the
processes  coneerning the moon which alone are analogous to those employed
in the Paulisa Siddhanta) by directly caleulating how many times within a
given ahargana the moon has returned to her apogee or perigee, rejecting the
days within which complete revolutions have been performed, and taking the
true motion for the remaining days. To that end there are cstablished
periods, comprising integral numbers of days, within which the moon per-
forms a certain number of anomalistic revolutions, and by these periods the
given ahargana is divided in succession ; the quotients may then be rejected
cach time, and only the last remainder taken into account for finding the
moow’s place. These periods are four in number, calledt Vedam, Rasa
Gherica, Calanilam, and Devaram. The Devaram consists of 248 days which
cowprise 9 complete anomalistic revolutions of the moon; the Culanilam
comprises 3031 days= 110 revolutions; the Rasa Gherica comprises 12372 days
=441 revolutions ; the Vedam again is a certain multiple of the Rasa (Gherica
and comprises 1600984 days. The given ahargana is at first divided by
12372; again the remainder by 3031; and again the remainder by 248.

* 1 here adopt the alternative, discussed above, of the earlier part of the second chapter
reproducing doctrines of the Paulifa Siddhénta.

t I give these names in the—presumably incorrect—forms in which Warren exhibits them,
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The remainder of this last division—called by Warren (‘»h:mf!m .Vnkiam
Dhurmavahanam—is then used as the argument of a tfdalv \.\'Invh wvives the
moon’s true place and true motion for cach day of a period 'ui 2 as days ( «‘9
anomalistic revolutions).—If, on the other hand, the H'mm.\:% mean place I8
required, use is made of ecrtain constant quantities indicating the mununt‘ of
the moon’s mean motion during cach of the periads stated aahm‘:u fn w hich
there is finally added the moon’s mean motion during the days nulu-utwi‘by
the last remainder.  For one devaram £ i, the moon's mean motion, aecording
to the Telugu Astronomers, amounts to 27" 44 67 (entire revolutions bring
rejected) ; during one Calanilam to 11* 7" 317 17, and o on,

Now the rules given in the beginning of the second chapter of the
Paiichasiddhantiks are analogous to those of the Telugu Astronomers. The
periods employed there for caleulating the moon's place are twoin numhery
one called ghana and comprising 3031 days, which is identical with the
Calanilam of the Telugus ; and another called gati, which consists of 245 ninths
of a day, and thus represents one anomalistic month. No referenes appears
to be wade to longer periods such as the Vedam and the Rasa Gheriea of the
Telugus ; periods of the latber kind are inderd not required for the purposes
of a Karana whose rules are meant to he applicd only to comparatively snall
aharganas.  If then we retrench from o given numbier of days all the entire
ghanas contained in it, and again retrench from the remainder all the entire
gatis which it comprehends, the last remainder alone is required for caleulat-
ing the moow’s true place; for it indieates what fraction of the current
anomalistic revolution the moon has performed, wnd a simphe rule, or tuble
will then suffice to show the ameunt of equation of the eentre which lias
to be added to—or subtracted from —the moon's wenn longdtude in opder to
render it true.  Another set of rules is, however, required for cnadidine us
to assign the mean longitude of the moon.  This want the Pagehusiddhintika
supplies by stating the total amount of mean motion aceomplished  during
each ghana, and each gati; so that we have, in each given case, to multiply
those amounts by the number of clapsed ghanas and gatis and add up the
results. It then romains to find the mean motion for the fraction of U non-
completed gati, and to determing the corresponding amount of equation of the
centre. Rules for these procedures—or for a part of them-—ary most probably
contained in stanzas 5 and 6, which we however are unable to explain,

It further can hardly he doubted that stanzas 4-—9 of the third ehaptor
return to the moon, and give some further rules for ascertaining her true
place and motion ; this the general wording of the passage, and turms such as
ghana and gati which occur in it, s¢em cluarly to indicate. But we have nob
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succeeded in unriddling those stanzas; and are therefore alsonot in a position
to explain why they, if bearing on the teaching of the same Siddhinta as the-
former half of chapter II., should yet be separated from the: latter by an
intervening set of rules concerning altogether different matters.

The rule for finding the true place of the sun (III. 2, 3) resembles:
the corrcsponding rule of the Romaka Siddhiuta, in so far asit does not
teach a gencral process for finding the equation of the centre for any given
anomaly, but merely states the amount of the equation for each thirty degrees.
of anomaly. The degrees of the anomaly are however not reckoned from:
the apogee, but frow the first point of Aries, so that the equation. of the
centre can be added to—or subtracted from—the sun’s mean longitude with-
out any preliminary doeduction of the mean. longitude from. the longitude of
the apogee.* The latter quantity is estimated at 80 degrees. Stanza III.
17. contains.a corresponding rough statoment of the sun’s mean daily motion.
during cach mouth of the solar year ; here too we miss a general rule enabling
us to calculate the true motion for any given time.

The estimation of the length of the revolution, of the moon’s node
given in ILL 26. differs but little from that made in the Strya Siddbinta and:
the great majority of Hindd astronomical works.—The greatest latitade of
the moon. is put equal to 270" (ILL 31). Buat here also—as above in the case
of the Romaka SiddhAnta—we meet with another rule which. appoars to pre-
suppose. a greatest latitude of 240" ouly, wiz,, the rule given in VI 5. for
caleulating the duration of total obscuration during a lunar eclipse. A simi-
lar rule on the other hand which likewise seems to belong to the Paulia.
Siddhénta, (VI. 6) again seows to be based on the assumption. of the moon’s.
greatest latitude amounting to 270",

The processes preseribed in the Paulisa Siddhdnta for the calculation
of lunar and solar eclipses are of a very rough nature and much less accurate
than the corresponding operations according to the IRomaka and Strya
Siddhantas. The author of the Paulida apparently aimed at nothing farther
than the establishment of convenient numerical formulas, gave no exposition
of the wencral theory of the subject, and, for the sake of case of caleulation,,
introduced merely approximative values, No rule is prescribed for ascertain-
ing the true (apparent) dimensions of sun, moon, and shadow at the time: of’
an celipse  From VI. 4. it secms to follow that the mean value of the moon’s.
diameter is supposed: to amount to 34/, and that of the shadow to 76" Some-

* In the note on the translation of IIL 2, 3. the remark is wade “The reason probubly
is otc.” But I think it would have been more sppropriate to say that it certainly is so.
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what different values seem however to result from V1L 6, which stanza also
appears to imply a statement of the sum of the diameters of sun and moon,
It is difficult to speak om these points with assuranee, us the detuils of the
rules cannot in all cases be explained with full econtidenee., and several entire
stanzas have remained albogether obseure to us,

The stanza VIL 1. gives the ordinary rule for ealeulating the parallax
in longitude. We are unable to point out any rvule for determining the
parallax in latitude.

Among other items of doctrine which appear to e based on the
Paulisa Siddhanta there may be noted the interesting statemwent of the ditfer-
ence in longitude of Yavanapura on the one, and Ugjayini and Beaares on the
other hand, which agrees fairly well with the assmoption of Yavinapura
being Alexandria.®*  Next the rule (FTL 14) for ealenlating the difference in
longitude of two places whose distance in yajanas is known s approsima-
tive rule which would give tolerably correet results for places not very remote
from cach other.—The same chapter (21) also containg the fusous, often
quoted, statement regarding the former position of the solative, in which the
word ‘right’ (yukta), as wo now see, can only be explained from the coutest
in which stanza 20 stands with the preceding one.

We may also mention in connexion with the Paulida Siddbanta the
table of sines given in the fourth chapter, slthousgh it is doubtfial from which
Siddhinta it was borrowed by Vardha Mibire, Tt may have been comon to
the three scientific Siddhantas; the values assivned i it to the difeent snes
arc employed by Vardha Mibira throughout the Padehusiddliantihd, wlore
ever such are requived.  The most Intervsting fraturo of the talido i that it
bases on a subdivision of the Radius into 120 parts and of wach of those 120
parts into 60; instead of subdividing the Radius, in the ordinary ndinn
fashion, into 3438 It thus closely follows the Groek fashion of CXpreRning
the values of sines, only preferring to divide the Radius into 120 purts instend
of sixty. In the majority of cases the agreement of the stated values of the
sines with those given by Ptolomy is as close as possible, taking into wecount
that the latter writer subdivides his hundred and twentioth parts of the
diameter into minutes and scconds, while the table in the Pasiehasiddbintika
subdivides into sixticth parts only., There are however a small munber of
cases in which the agreement is not complete. The Sanskrit text had in u fow
places to be emended to a considerable extent, and it thus is not impossible
that a more correet text would exhibit an even closur agreement with Ptolemy.

T S R TS 8 Ay s e

* Compare on this point the Journal Asiatic Socioty of Bongal 1884; P 265;
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On the other hand the circumstance that the amount of each sine is not stated
directly, but has to be arrived at by the summation of the amounts of all the
preceding sines favours the presumplion of the emendations made being the
right ones on the whole; for if they were not, the table as it now stands
might be expected to show greater, and more regularly progressing, de-
viations from the true values of the sines than it actually does.

It may be noted that, in case of the table of sines basing on a Greek
prototype, the plan of subdividing the Radius—and not the diameter—into
120 parts would have enabled the borrower to take over, without any change,
the amounts assigned in the Greek table to the chords of the angles, and to
insert them in his own table as the values of the sines of half those angles.

We finally have to compare the information about the Pauli$a Sid-
dhinta given in the Pafichasiddhantikd with what we know from other sources
about the same work, or at any rate a work of the same name. The sources
alluded to arc principally Bhattotpala’s commentary on Variha Mihira’s
Brihatsamhitd, and Prithidaka Svimin’s commentary on Brahmagupta’s
Sphuta Brahmasiddhinta, and from them Colebrooke already extracted the
most noteworthy points. It appears that the Paulida Siddhinta, known to
the two Scholiasts referred to, was a work following the same general methods
as the Strya Siddhinta, Aryabhai;a, and all the later astronomers; at any
rate it agreed with the great majority of Hindd astronomical works in  es-
tablishing a mahéyuga which contains an integral number of shvana days cte
and of revolutions of the plancts. The data proving this are to be found in
Colchrooke’s ossays vol. IL p. 365 ; from them it also follows that the length
of the year, according to the Pauliga Siddhinta, amounts to 365¢ 6™ 12™ 36",
Now, in spite of the corruption of the text of those passages in which
Variha Mihira treats of the Puulida Siddhdnta, it is clear that the work of
that name whose contents are sumnmarized in the Pafichasiddhintikd followed a
plan altogether different from that of the Paulisa Siddhinta referred to by
Bhattotpala. I need not restate here in detail what has been remarked
above about the methods cmployed by the Pauliga of the Pafichasiddhintika ;
it will be remembered that in calculating the ahargana, and the mean as well
as true places of the plancts, it employs peculiar mcthods of its own, which
sharply distinguish it from the Pauli$a of Bhattotpala and works constructed
on analogous lines. The length of its year amounts to 365¢ 6* 12™, while,
on the other hand, the length of the year of the Paulia known to Bhattotpala
is the same as that of the yecar of the Strya Siddhinta known to Variha
Mihira. And if any of the rules, given in the last chapter of the Paficha-
siddhintika for calculating the places of the planets, base—as not improbably
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they do—on the Pauliga Siddhinta, they supply an additional feature wark-
ing off the two Paulisa Siddhintas from each other.

We are thus led to the conclusion that the Paulidy Siddhinta alse has
in the course of time underzone recasts, and that that forneof it which was
known to Bhattotpula widely dillered froun it origind Prmg o widely fndead
that there is some reason for wondering that the later work eould go by the
same name as the earlicr one.

Vasishtha Siddbanta. About the Vasishtha Siddhanta the Puinhasiddlantihd, as exhibited
in the two Manuscripts at our disposal, gives only very seanty information,
Varaha Mihira, indeed, places the Vasishtha Siddhanta, together with the
Paitdmaha Siddhanta, in the lowest vank of the works whose tenets b repro.
duces; yeb it appears strange that its teaching should uot b treated at e
what greater length. If anytbing, it is the seodl e allottdd to the
Vasishtha Siddhinta in the text of the Pafichasiddbintiki as leve edited,
which might induce us to suppose that cortain parts of the work are missing
in our Manuseripts. It is indved —as T alrady have remarked above when
discussing the allotment of the different chapters of the Panchudddlantika
to the ditterent Siddhautas —a somewhat dithieult, task to aseertuin, hov muck
of the matter contained in the Paichasiddbdutikd in its present for bus to
De traced back to the Vasishtha Siddhasta.  With eonfidence we nay re
cognise its teaching only in the rules given in the seeond part of the second
chapter which are, at the end, designated hy Varilia Mihiva hinsell as being
founded on the Vasishtha Siddhinta, and which moreover are of a quite
peculiar character, marking them off very decidedly frons the doctrines of
the other Siddhdntas. The rule, given in stanza 8 fir calenlating the
length of the day at any time of the year, is shmilar to that of the Paitd.
maha Siddhfnuta in 8o far as assuming an equal daily inerease; but it differs,
from it regarding the length of the shortest and lomgest days,  The rules,
given in stanzas 9—13 for finding the length of the shadow, the wean
longitude of the sun and the lagna are also of a very primitive nature;

but yet superior to what a work of the type of the Puithusha Siddbinta
could supply.

We may infer from them thut the Vasishtha Siddhanta no longer opor-
ated with nakshatras, but subdivided the sphore into signs, degrovs and
minutes ; and we also nobice that it knew about the so-called lagna 4. ¢, the
ecliptic point which is on the eastern horizon at any given time.  But, upnrt
from this, the methods are so rude, and so completely owmit to distinguish be-
tween mean and truc astronomical quantities, that the Vasishtha Siddhints
can hardly be included within Seiontific Hindd Astronomy.
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That the rules concerning the motions of the moon contained in the
former part of the second chapter are of an entirely different character, has
been remarked above already (p. XI). In spite of this it is, as said in the
same place, not altogether impossible that they should base on the teaching
of the Vasishtha Siddhinta, which may have borrowed various rules and
methods from different sources. The point must be left unsettled for the pre-
sent.—The Vasishtha Siddhinta is not referred to in any other part of the
Pafichasiddhéintikd, with the exception of a colophon in the last chapter,
about which something will be said later on.

There yet remains the question as to the relation of the Vasishtha
SiddhAnta, known to Variha Mihira, to that Siddhinta of the same name about
which we know from later commentators, chicfly those repeatedly referred to
in the course of this introduction. From them Colebrooke alrcady has im-
parted some information about a Vasishtha Siddbinta which he ascribes to
Vishnu Chandra, on the authority of the last line of the passage quoted above
(p- XXVI) from Brahmagupta. The right interpretation of that line clearly
depends on the way in which the preceding lines concerning Srishena’s treatise
are explained. Following the version of them given by me above we have to
translate “and by Vishnu Chandra, taking the same (astronomical elements)
the Vasishtha (Siddhinta) (was disfigured)” 2. e. Vishnu Chandra, by borrow-
ing wvarious items of doctrine from different sources, gave to the original
Vasishtha Siddh4nta the same varicgated, incongruous appearance which
Srishena, acting in an analogous manner, had imparted to the original Romaka
Siddhinta. To the existence of a Vasishtha Siddhinta, older than the recast
by Vishnu Chandra, there morcover testifics the seventh line of the passage
from Brahmagupta, which apparcntly says that Srishena borrowed the (num-
bers of the) clapsed years and (planctary) revolutions of the yuga from a
Visishtha (Siddb4nta); and the sccond half of that line further secems to
intimate that that Vasishtha was composed by, or at any rate somchow con-
neeted with, Vijayanandin.  An astronomical writer of that name is mention-
ed by Brahmagupta in another place also, and—which is of some importance
as more definitely indicating his time—also by Variha Mihira himself who, in
the last chapter of the Pafichasiddbintiki (X VIIL. 62), refers to Vijayanandin
as having given rules for the calculation of the places of the planets.

Neither Vijayanandin’s nor Vishnu Chandra’s treatises appear to have
come down to our time. The (Laghu) Vasishtha Siddhénta which we possess*
does not evince any relationship either to that Vasishtha Siddhanta which was
known to Variha Mihira, or to the work of Vishpu Chandra, with some details
of which we are rendered acquainted by Brahmagupta and later commentators.

* Published by P. Vindhyesvari Prasida Dube, Benares 1881,
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Having thus taken a survey of the chief doctrines of the five Siddhintas
as exhibited in chapters I—X V11 of the Paichasididhintika, and hefore exam .
ining in detail the contents of the last chapter,a fow remarks way be added about
what Variha Mihira states in X V. 33 - 38 about the Jongitudes and Intitudes
of certain stars. What authority he follows therein, we are nnahlbe to say,

The statement referved to gives the longitudes and Iatitudes of @ snall
number of junetion-stars of nakshatras. How the longitude and Ltitude are
measured, the text docs not define; we ean only presune that the Sididbinta
which Vardha Mihira here extracts followed the usual Dndian method o2 of
referring the stars outside the celiptic to the latter civele, vot by latitude.
circles, but by declination-circles, so that the quantities stated are what Whit
ney, I his translation of the Strya Siddhanta, calls polar longitudes (Ihruva)
and polar latitudes (vikshepa).  The degrees of (polar) longitude are, asin the
Strya Siddhinta, taken from the beginning of the uakshatra (o twenty-
seventh part of the ecliptic) to which the junetion stur belongs,  The latitudes
are, i a peeuliar manner, expressed not in degroes, but hastas, which we are
enabled to turn into degrees by romenmbering that one hasta compris thirty-
four angulis, and that the diameter of the woon ~heve assined cqual o 3
minutes—is divided into fifteen angulis,  We pgivee the realts, ina tnbulur
form, adding at the same thne, in order to fueilitate cotnparison, the vonre .
ponding statements made in the Strya Siddhauta (Whitnwey . o21.)

Ace o Paichasiddhint ki, Aee, to Ht’ar_x-::. ;'-;%»(A:E;q.mm‘

Name. -I;:w-;;x;tx:,f ’ Polar | .p‘,]“r i I’:mi‘tiuu‘ul‘ Podar Var
s;‘;{;};:it;:z’Lungitmlv. Lntitude ;:-:L"ﬂ;“:ul;:‘ Laomgrtande Latitude,

Kitika .| ¢ | a2 40" !s m\ m ,o ” z'r :‘m" L .,\
Rait .| v | a | cws| v s | ex
Punarvasu .. | & w  |Tns| ‘ma; % N
N O L R

Adlesht .| 1 107° 40 | 54 & N.| 2 ﬂdf ‘ wuf*ml 78,
Magha 6° 126° o) g° l 1907 o -
Chith .| T30 18080 |2 4vs| 640 | monlm;'T
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‘Why Varfha Mihira should have confined himself to stating the longi-
tudes and latitudes of seven junction stars only, remains unaccounted for.
Possibly the Manuscripts are defective just at that place. The details given
concerning those seven stars (supposing our interpretation of the text to bu
correct) diverge so widely from the corresponding statements of the Stirya
Siddhinta that, considering the incompleteness of the material, a critical
comparison of the two appears hardly feasible at present.—About the rule
concerning the heliacal rising of Canopus (XIV. 39—41) a fow vemarks
will be made further on.

I now proceed to the examination of the last ehapter of the Paficha-
siddhintikd, which is one of the most interesting but at the same time wmost
perplexing of the whole work. The text itself apparently does not state to
what Siddhinta the rules about the plancts, constituting the matter of the
«hapter, have to he traced. To sowe indications given in the colophons
T will refer later on.

A survey of the contents of the chapter shows that it consists of two
different sets of rules, of which the former extends from stanzas 1—60, while
the latter, preceded by sowme personal remarks on the part of Variha Mihira.
comprises stanzas 66 up to the end. 1 begin by analysing, as far as fonsible,
the former st of rules.™

The plan generally followed in this part of the work is to state at fiest
for each planct a rule enabling us to caleulate how many (heliacal) risings of
it have taken place within a given ahargana, or—in other words—how many
synodical revolutions it has performed. To that end we are dirceted to
divide the ahargana by the duration of the different synodical revolutions,
In Venus' case the rule preseribes (stanzas 1 and 2) to divide the ahargana by
584, and to add to the remaining days the cleventh part of the quotient of
the division ; . e, in other words, the length of Venus' synodical revolation
is estimated at 584 — 111 days. T the same way it {ollows from stanzas ¢ and
7 that one synodical revolution of Jupiter is estimated at 399 — ] days ; from
stanzas 14 and 15 that one revolution of Saturn amounts to 378 111 days; from
stanzas 21 and 22, that one revolytion of Mars is estimated at 780 days winus
161 vinadikds (=, about, 2™ of a day); and from stanzas 36 and 37, that onc
synodical revolution of Mereury is supposed to amount to 115 days plus 52
nidikds plus 45 vinddikds (for the rules given there imply that § synodieal
revolutions oceupy 927 days plus 2 nidikds).

# Tt will bo obsorved that the Iinglish translation of that chapter confines itself to
o literal rendering of the Stanzas, The following, systematie, discussion of the contents of the
chgpter is meant to supply the place of explanatory notes to the translatiou.
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In the second place the rules teach us, how to eleulate the ameant of
sidereal motion performed by the planets within the wiven number oft - vidi.
cal revolutions. —Stanza [ says that during one period ol risings o0 during
one synodical revolution Venus passes thronahy 7o 0% snd thiv i iided
the approximate motion of Venus within bt - 11: v, i we Snppeoe it
mean mwotion to be the same as that of the sun, and rejoet the vutine revolution
perfornied.

In Jupiter’s ease we are diveeted (stanza 7) e mndnply tlor wnber
of synodical revolutions contained within o wiven slone e b itd, nd b
divide by 891; which shows that 391 syuadieal vevelnons are paneed
to be about equal to 36 sidereal revolutions, This Loindsod wendy the v
for if; basing on the duration of a senodiedd povalution of avs das o oo,
399 — g days) and on the assunption of 86 220 sidevead vesolutions ot dupiter
being performed within a mahivian of 177000 din« we ealonlane the
sidercal rovolutions performed diving the Tapac of 3ot symdical vevolution, we
find 36 revolutions plus about four dugreess And o the e faardorec s wl o
allowance is made, iz nostanza 10, where we are told 1o mnltiply the
ber of risings by five, to divide by cight, aud to take the readt an iiputeos; o

24 x x'iasiug;a
391

M N \ ba rimn;’.;q_
is nearly cqual to "'}

The rules for caleulating the sidureal motions of the other planets are
of a similar mature.  Assuming the sidercal revolution. of Satarn witlin
one mahdyuga to amount to 165GK, the quantity of ideven) motion within
a period comprising 256 synodical revolutions of w2 doya cachi b el to
nine revolutions winus four degroes + elyld winuten, W are loneo divected
(st 15) to multiply the risings of Suburn by 0, and to divide by 206 and
(st. 17) to multiply the risings by 3, to divide by 52, and to Jook on the real
as minutes to be deducted ; for 4”4 822487 and *°

ot Ud

For Mars we have the assumption {st. 22) that fifteen  synodieal
revolutions comprise cighteen sidereal revolutions: henee we xnuhi'p!v th
number of the risings by cighteen and divide by fifteen,  The quotiont. which
indicates the entire revolutions is rejectod ; the remninder, multiplivd by 12
and divided by 15, gives the mean place of Mars in signs and wo o, n
Mercury’s case, finally, 389 synodieal rovolutions are supposed to by equul to
123 sidereal revolutions ; henee st. 87 directs us to multiply the given number
of synodical revolutions by 123, and to divide by 889,

. So far the rules contained in the last chapter can bo satisfactorily
explained. We now however are met by a series of rules whoae rutionale
we are unablo to assign, Hithorto we have been told how to caleulate firntly
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the full number of synodical revolutions of a planet which have taken
place within a given ahargana, and secondly the full number of sidereal re-
volutions within the same period; and, for the purpose of ascertaining the
amount of synodical as well as sidereal motion which the planet has accom-
plished in addition to complete revolutions, we have at our disposal the
remainder of the two divisions whose quotients indicate the number of the
full revolutions. Now, from these remainders—which represent in both
cases a cerlain number of days—the mean motion and the mean position
of the planet at a given time can be calculated without difficully ; but what
is required, and what the rules of the text apparcntly mean to supply, are
directions enabling us to determine, roughly at least, the true place of the
planet at the end of the given ahargana. We are, however, unable to point
out the gencral principles on which the rules are construeted.

I begin with Saturn in whose case the rules appear to be simpler than
in that of the other plancts (setting aside Venus about which later on).
Stanza 15 dircets us to multiply the number of the synodical revolutions by 9,
and to divide by 256, the quoticnt ol the division indicating, as explained
above, the number of completed sidercal revolutions. The remainder, the
text goes on to say, is the ‘pada’  The remainder—which alone is required
for the caleulation of the truc place of a planct—is thus denoted by the same
term which, as we have scen above, was employed in the Paulisa (or Vasishtha)
Siddbanta to denote the remainder of days from which the true place of the
moon i ascertained. The text then goes on to distinguish three different
amounts of the pada, viz. 30, 127 and 99 ; and it will be observed that the
sum of the three fractions 25;%, ,12::;’ f,f; amounts to igf % ¢. one entire revolution.
There are further mentioned certain additive, or subtractive, quantities, which
have to be applied in case of the padas reaching the mentioned amounts, and
it certainly appears probable that those quantities are, in some way or other,
connected with the equation of the eentre, which has to be added or sub-
tracted in order to render the planct’s place true.  But we are quite unable
to demonstrate, by a satisfactory explanation of the three amounts, the truth
of this hypothesis. The text finally (in 18, and 19) states certain amounts
of wotion which Saturn performs within the three khandas, 3. ¢., apparently,
the three fractions of a revolution (2'%%» ng, 5n) Which were mentioned above.
But here again we meet with a difficulty ; for while the text states for the
two first khandas the following amounts: 1° 15° 51’ and 5 28° 85, a caleula-
tion of the mean motion proceeding on the data of the text gives 1° 12° 11
for ;’%"h of a revolution, and 5° 27° 34/ for ;_r;%m of a revolution. Itis indeed
by no means unlikely that the diserepancy may be owing to the circumstance
of the text wishing to state the amount of true—not mean—motion : but
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we again are unable to prove this by ealendation.  (The smount of rotion
during the third pada stated above e, “,'”‘ of s revolntion iz, aceording to
ealculation, equal to 4% 19" 13, not to 4% 7 30" ax, by wietahe, ttoted in the
commentary p. 101, The emendation of the text manayve liptes ebatur
gunal sapta, stanza [9——which hases on the ervoneons qruantity state Fin the
ermmentary must on that account be rejeeteds Owing o the obewity of
the meaning it is hardly feasible to propose another cinendation),

The text finally gives (stanzas 10 and 20) a statewent of the diffrent
phases of Saburn's motion in the course of one synodie revolntion, dividines
that period Into seven minor periods, and mentionine the woount of wotion
during cach.

We have similar rules in Jupiter’s cases There oo (0 7) we are tolld
to take the remainder of the division whose guetiont indicatcs the conplend
stdereal revolutions, and to term it pada. Noain theee dith et parcd

distinguished (st 9), whose som wnounts to one camplete rovelition (”,’1' }

NI U 1
Sl Vol T gl

subtractive quantity oft obseture mennine,  And again there are tard thee
diflerent amounts of motion which do not very widely disor froan the mnount -
of mean motion that Jupiter perfornes within caehi of the thece faetion s of
a revolution stated aboves the wmomnts given in the tevt boine oo s
65 137, while the caleulated amounts are b0 e g0 o ou w11 gy
Here too we can only eonjeeture that what i< afvied ot ica dtntomaent of the
trie motion within the given intervalss But, in addition to e rules whieh
so far are strictly parallel to those conevening Satum, we live, i wtans ¢,

, and for each of these padas there B stated o cortain additive or

some addidional directions eoneernine wean and tepe rantition W waeigae
has remadned quite obseure to us, so that even the aftempted literad popder
ing of the words of the text —which s burew wiven in the tessdation et
b Tooked upon as altogether tentative and provisional. -Stanzs 12 aud 12
exhibit a statement of Jupiter's apparent motion during vacl of wine winor
puriods into which the entire synodical peviod of the planct is sululiy ided,

With regard to Mars again another plan is Slliwed, of which the
dutails howevor have likewise remained obseare t ws Iy Mar' cnee th
text, after having given the rules, oxplained above, for tindinge the elagied
synodieal and sidercal revolutions, procecds (in 24) to wake a statenwnt ro-
garding the differencs of the planct’s mean and teue plases, it buing ohsoups,
however, in what way the true place is suppased to bo found, and then
declares that the course (chra) of Mars will be stated according to the dif-
ferent motions (gati). To judge from stanza 35, these motions appear to bo
eight ; and as the text mentions the terms vakra, anuvakra, anugati, ativakra
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and $ighra, we may assume that we have to do with something like the
eight kinds of motion enumerated in Strya Siddhinta IT. 12, among which
we meet with vakra, anuvakra and §ighra. But most of the details we must
leave unexplained, owing partly to the eorruption of the text, and partly to
the obscurity of the subject. Stanzas 25 (cenclusion) and 26 state the
periods intervening between the time of the heliacal setting of Mars and its
conjunction (when it becomes niramséa), and between the conjunction and its
heliacal rising.  The meaning of stanzas 27 and 28 is obscure. Stanzas 29—
32 treat of the motion of Mars in three of its gatis (cp. the ‘ traye’ in 32), of
which the ¢ vakra’ 4. ¢. no doubt the retrogradé motion is the first ; the nature
of the two other motions we are unable to explain, the text exhibiting only
the vague termn, ‘anugati’ (in 29). In st 33 we mect indeed with the terms
vakra, ativakra and avuvakra, and we Ience suppose that those three wotions
arc referred to in 20—32 also; but, considering the various senses in which,
the terms ativakra and anuvakra are used by different authorities, we do not
attempt to assign the meaning they bear in our text.

For Mereury the text, after having given the ‘general rules for syno-
dieal and sidercal motion, at once states the amount of supposed true motion
for cight periods of days whose total aggregate amounts to 880 days, the
amount of true motion being 860 degrees.  From this latter eircumstance it
appears that what is aimed at is a statement of the different phases of true
motion during one mean revolution of the planet (which, of course, iy viewed
as equal to one mean revolution of the sun). Why, however, the cor-
responding period of days is said to amount to 380 days (rather than to 365),
we are not able to explain, although so much may be suggested that the dis-
evepaney Is most probably due to a mixing up of sidercal with synodical motion.
The text then goes on to give a general rule (obseure to us) about the adjust-
ment of mean and true motion (stanza 41), and thercupon gives a detailed ae-
count (42—>53) of the difterenee of Mereury’s motions according to the sign of
the celiptic in which the planct stands ab the time. We are uuable to account
for those rules by calculation.

There now only remains to be noticed, in the first sct of planctary rules,
what is said about the true motions of Venus in stanzas 3—5. The treatient
of this latter planct differs from that of all other plancts inasmuch as it ap-
pears not to take into account the influence of the cquation of the apsis, but
limits itsell to a rough representation of the true motions in so far as depen-
ding on the cquation of the conjunction. The difference is quite intelligible,
if we remember that the eccentricity of Venus' orbit is very much
smaller than that of any other planet. The text specifies the true wmo-
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tions for eleven minor periods of days, the sum of which ’mnrmuts t:» X
hundred and ten. Oub of these, 584 constitute one syum.{u-nl l'tw«.»!ut,mn' of
Venus, while the last 26 days must be viewaed as the period mﬂfm Whu:h
Venus, after having performed one synodieal revelution and having again
entered into conjunction with the Sun, advances so much as avain to heeome
visible in the west.

Obseure and unsatisfactory as are many defails of this first set of
planetary rules, we yob recognise with suflicient elearness that the eleaments
on which they arc based do not greatly differ from those veperally vinploved
in Hindd astronomy. The periods of sidereal amd synodieal revolution
diverge very little from the ordinary ones, and the edenlation of the trae
places appears to presuppose the recognition of the two separate planctary
incqualitics (excopting the case of Venus as notiend above). But we begin
to feel on strangely new and unsale ground when now turuing to the weeond
set of rales for the calenlation of the planctary motions, which are eontained
in stanzas 66—81 of the last chapter.

The position and appearance of these rules are anomalons from several
points of view. On the rules explained above whieh eote to a conehuion in
stanza 60, there follow a few stanzas which look very much as it they were
meant as coneluding stanzas of the whole work, the author mentioning in
them his name, and drawing a parallel between his own peeformance and the
less successful efforts of other astronomers,  But these, primd fucie final,
stanzas arc followed in their turn by a further stanza (60) whiels seema 1o be
meant by Vardha Mihira as an introduction to another set of voneise planet
ary rules (grahakirikd tantram) ; for although the rules extending from stanza
66 to the end of the book are comprised in 16 stanzas (or i soventecen, i we
add to them stanza 65), it yeb scems mmost probable that, the wighteen dryas
mentioned in stanza 65 refer to this concluding portion, with which posaibly
one of the stanzas preceding 65 may have to by counted, or which originally
may have contained one stanza more than our manuseripts exhibit,

The matter contained in this concluding portion ix of a comparatively
simple nature. Tho rules at first teach how to caloulute for each planot the
number of synodical revolutions which have taken place within a given
ahargana, and then state the chief phases of motion within each synodical
revolution, or half revolution as in Venus' case.  No rules are given for onl-
culating the true motions.

But what is extraordinary are the durations assigned to the synodical
revolutions. They stand as follows~—
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Mars . 7682 days
Mercury 1145 "
Jupiter . 393%— S w
Venus 575% ”
Saturn . 372% »

Thesc amounts agree neither with those assigned to the synodical
motions in modern Hind astronomy generally,* nor, therefore, with the
truc periods from which the periods implicd in the teaching of the Siddhintas
differ to a very inconsiderable extent only.  To meet in Hinddl astro-
nowy with a set of numerical quantitios widely differing from those generally
accepted is indeed so startling, that one at first feels strongly inclined to
doubt of the soundness of the text, especially if one remembers the generally
unsatisfactory state of the two available Manuseripts of the Paiicha-
siddhantikd; but it so happens that just in the concluding portion the text
appears to be fairly correct, docs at any rate not inuncdiately call for incisive
cmendations.  Morcover cach figure is given twice over, and that in two
different forms, the text stating at first the length of the synodical revolu-
tion in a fractional form (as f. 1. "77” =893, in Jupiter's case), and aflterwards
giving the details of motion for a certain number of subdivisions of the
synodical period ; and we find that the results arrived at by summing up the
days comprised within those subdivisions agree almost throughout very closely
with the former statements (in Jupiter’s case £ i. we have 16454+ 70+ 109
+88+40+16=393). We therefore can, for the present, hardly help accept-
ing the rules as they stand, in spite of their startling uniqueness.

It remains to consider from which Siddhdntas Variha Mihira may have
borrowed the matter of the entire last chapter. The text itself appears to
contain. no indication on that point; there are however two colophons which
furnish sowe—possibly accurate—information. After stanza 5 the Manu-
seripts read, Visishtha-siddhdnte gukral, and at the end of the chapter,
Pauliasiddbinte tdrigrabdl. If we accept the former statement as truc;
it would follow that the Vasishtha-siddhinta possessed an accurate knowledge
of the length of the planctary revolutions; for although the statement
direetly refors to Venus only, it is—for reasons not requiring to be set forth
at length—altogether inprobable that the Vasishtha Siddhnta, or in fact any
Siddhanta, should have been well informed about the theory of one planet
only. It is morcover by no means impossible that, what the colophon directly

* 'The Siddhantas do not indeed state the duration of the synodical revelutions of the
planets diveetly, but it is of course essy to derive them from their sidereal revolutions ocombined:
with the revelution.of the sun,



XLvIII INTRODUCTION.

states about Venus only, should hold good with vefereuee fo the other planctary
rules also which extend up to stanza 60, There i indecd, ws Shovn aloy
that differcnce between the rules concerning Venus and those velative to th
other planets, that, while the former do not take any acenunt o the n'cpl:t(l"m
of the centre, the latter manifestly do so, althonah ina msnner whoe o detuily
have remained obseurc to us,  Bub as already vemnrked that ditfipo e way
simply be due to the eiveumstaree that the cquatin of the eontre off Vi
being very much smaller than that of the ofher planete, was dicvesardsd oy
purpose.  On the other hand, the circamstanee of a wpeeiad cnloplivar Tuda
introduced after stanza 5, combined with the faet that the valos froer daneg,
6—060 after all do differ from those coneerndng Vo, nedht he viewead o
fayouring the assumption of the two sets of vules Deine hawad o ditfpent
autloritics,  We however must notiee that the rales polative to dupite
Saturn cte. cmploy the sune term, e/z pada, to denote an portant vemwdndor,
which liad been used in the same sense inan carlier part of the warl (ehags

ters IT and ITT). 1 had to leave iban open queation the doetine of whieh
Siddhintas are reproduced in the carlior part of Cliaptor 11, 61 Loy
appearing not improbable that the Vasishth Siddhinta s the anthority
relied on.  And thus the fact of “pada’ being met with i (e e lior it ol
the last chaptor also appears to strencthen the concludon that that e
part (stanzas 1—60) cpitomizes the doctrive s of o Vil Ol o
we might perhaps think of the Paulise which, ax [ Lave wdone shown o,

reason to helieve, seems to have agroed with the Visbditbse i e qule s fey
caleulating the phases of the moon,  But this lattor aeomaptions wonld
conflict with the statoment made in the enlophion ar e vl of 1 hap

ter, which appears to desiguate the rules contained ju . 0 ¢ ola

based on the teaching of the Paulisa Siddhinta, T the pefine o el wnnhl

to propose gny definite views as to the soure . of chapter NVIL The In o
sot of rales especially is perplexing, and, were i ot for the iy, of aosthon
made in the eolophon, nohody 1 suppose wottkd be fnelined to taee the de e

minatious of periods given in it to a Siddhinta which avetns to b boop
specially dependent on Cireek teaching.

[T S ————

A fow additional gencral remarks on the charactr and the
sumable time of the works epitomized by Variha Milira say here be added, - .
Taken together the five SiddhAntas appenr to eualbde ¢
accurate notion of the transition of old Indian astronomy into ity weodern
scientific form. The Paitfuaha Siddhfta, in the firat place, Ba the ropr
sentative of the prescientific stage of astronomicn! kuowledis, the uther
sources for which are the J yotisha Vedinga, the “

us to forn s fairly

Gurgn-Sasphitd,  the
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astronomical books of the Jainas, and a number of quotations from various old
authors as f. «. Parddara. During that period nothing of importance seems
to have been elaborated but the doctrine of the quinquennial lunisolar yuga.
The authors of all the works mentioned share the same essential characteristics,
in so far as displaying a very imperfect knowledge of the mean motions of the
sun and moon (and, some of thewm, of the planets also), and connected therewith,
of the length of the ycars and months; being altogether unacquainted with
true motion as distinguished from mean motion ; teaching an equal daily
increase or decrcase of the length of the day; dividing the sphere into
twenty-seven or twenty-cight nakshatras; cntertaining utterly fantastic
notions about the constitution of the earth and the universe; and evincing
a very marked tendency to work out in minute detail large sets of numerical
rules founded on altogether insufficient premisses.  They all moreover, with
the exception of the Jaina books, agree in fixing the winter-solstice at the
beginning of the nakshatra Dhanishthi. That from this latter circumstance
no conclusion can he drawn as to the time when the different works mentioning
it were composed, is at present admitted pretty generally.  For it is neither
possible to derive from the given data, with any degree of accuracy, the time
when the original obscervation was made ; nor, even if that could be done,
would the result prove anything regarding the period when the works in
question were composed, since it is quite clear that the place of the solstices
having once buen ascertained was adhered to and stated in works composed
many centuries after it had ccased to be true. That in Vardha Mihira’s
aceount of the teaching of the Paitimaha Siddhinta the calculation of the
quinquennial yuga is made to start from 2 Shka, has been mentioned above.

There are two chief points in which those early works have influenced
later scientific astronomy. The latter derived from them firstly the idea of
a yuga 4. e. a eyclical period, at the end of which the heavenly bodies return
to the same relative positions which they oceupied at the outset.  And iv
the second place, the writings of the carlier period already show, fully
developed, the peewliar Indian lunar calendar which treats the tithi . e.
the thirtieth part of a synodical month as the truc chronometrical unit,
50 that in all calculations of the length of clapsed periods, and of the
position of heavenly bodies, the sum of natural days can be ascertained only
through a previous knowledge of the number of clapsed lunar days.

Concerning the position of the Vasishtha Siddhinta known to Variha
Mihira it has been said above that, while apparently more advanced than the
Paitdmaha Siddhénta, it yet seems to have been decidedly inferior to the
scientific Siddhintas. We therefore shall most probably not be mistaken in
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assigning it to the period marking the transition from the old pureiy
indigenous systems to those works which were constructed altogether onthe
basis of Greek science.

The three remaining Siddhintas fall under one category, all of the,
however much they differ in details, representing the modern phase of Hindi
astronomy which is completely under the influcney of Greek teaehing. The
veneral featurcs of that phase are too well known to require restating in this
place. If we enquire into the individual characteristios of caely of the three
Siddhantas, we may, I think, diseern certain features in which the Rewaka
and Paulisa Siddbantas agrce, while at the same time differing from the
Strya Siddhfnta. In the latter work only modern Hindit astronomy has
tully assmmed that type, which it has sinee preserved, and with which Fuaropean
scholars have since a long time been familiar, chiefly from the (modern)
Strya Siddhinta itself, and from the Siddhinta Siromayi. In the first plaee
the Strya Siddhinta only fully adopts the traditional Kalpa and Yuwa system,
to which it adapts the length of the revolutions of sun and woon mud the
planets, so as to obtain integral numbers of them all during the kulpa or
yuga. The Romaka Siddhinta, on the other hand (which, as we luve seen
above, is specially blamed by Brahmagupta for not aceepting the tradi
tional teacling as to the great periods of time) dovs indeed form o yug,
but one of its own invention viz by multiplying the Metouie period of nine
teen years by 150, so as to obtain the smallest possible agurewate of years
which contains integral numbers of lunar months and eivil days. The
original Pauliga Siddhanta again scems not to have establishoed a general ynea
of any kind, but to have proceeded in cach individual case with the help of
specially constructed short periods of time.—In the secomd placs, the Strya
Siddhénta, as is noticed by Vargha Milira himself, represents throughout o
more advanced, or at any rate more highly elaborated, systemn than the two
other Siddhéntas. This appears £ 1., as already remarked, in the treatiuent
of the equation of the centre, whore the Strya Siddhanta only gives o
general rule; and specially in tho theory of solar and lunar velipses, whvre th:
comparatively full and carcful rules of the S. 8. stand in marked contrast to
the meagre rules of the Rowmaka, and yet more 8o to the roughly approxin.
tive formulas of the Pauliga.—In oue point the Sarya Siddhanta and Pauliss
Siddhanta (if understood by us rightly) seem to have agreed, while differing
from the Romaka. The latter Siddhinta employs tropical rovolutions of the
sun and moon, while the Strya Siddhiuta certainly, and the Paulida pro-
bably, treated of sidereal revolutions only. The Romaka Siddbauta is in
fact the only one of all Indian astronomical works, which is hasod on the
tropical system. Nothing, by the way, tends to show that Varaha Mikira
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was aware of the circumstance which accounts for the difference of the dura-
tions assigned to the solar year, and to the revolution of the moon, by his
different Siddhéntas. That the summer solstice formerly was at the middle of
Agleshs, but in his time at the beginning of Punarvasu, appear to be viewed
by him as two distinet facts, cach to be taken by itself. He certainly docs
not render it elear anywhere, that the change in the solstice’s place is due to
the gradually accumulating effect of a process which had been going on, and
still is going on, constantly, and that that process aecounts for the different
Jengths ascribed to the revolutions of the celestial bodies.

That the similarities observed between the Greck and Hindd systems
are duc to a transfer of the clements of the former to India, will at present
be hardly called into doubt; and it certainly appears highly probable that
the Paulisd and Romeka Siddhintas were the carliest Sanskrit works in
which the new knowledge imported from the West was embodied. That
these two works were in some speeial way dependent on Greek astronomy,
has sinee a long time been inferred from their names; and that conelusion
is now confirmed by what we learn from Varfha Mihira about their contents.
It certainly is no fortuitous coincidence that one of those two Siddhantas
whose names point to the west, used the tropical solar year, and caleulated its
ahargana for the meridian of Yavanapura, and that the other expressly stated
the difference in longitude of Yavanapura and Ujjayinf. And that they
were the first representatives of Greck astronomy in India, is at any rate
highly probable, as we have no information about older astronomical works
of hellenizing tendencies.  While, thus, the general question as to the
sources of seientific Hindt astronomy admits of one answer only, doubts
begin to suggest themselves as soon as we proeeed to ask, from what parti-
cular Greck works the early Siddh4nta writers may have borrowed, and to
what time the first transmittence of astronomical knowledge has to be
assigned,  Professor  Whitney to whom we are indebted for the most
thorough discussion of these matters (translation of the Strya Siddhinta pp.
470 ff.) has cxpressed the opinion that the absence, from the Hind system,
of any of the improvements introduced into Greck astronomy by Ptolemy
seems to favour the eonclusion that the original transmission of astronomical
knowledge into India took place before Ptolemy; which at the same
time would account for the many differences in dotail between the Hindi
systom and the teaching of the Syntaxis,—Now with this view we certainly
may agree so far as to consider it altogether improbable that the Hindf system
should have based directly on Ptolemy’s work. Regarding certain innovations,
indeed, by which Ptolemy improved on the astronomical theories of his Greek
predecessors (such as f. ¢. the infroduction of the cveetion into the lunar
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theory) it might be supposed that the Hindd astronomers, even i’ horrowing
directly from the Syntaxis, excluded them from their own, strictly practical,
works as needless, and henee cumbersome, refinements; hut i assunine the
Hindds to have been acquainted with Ptolemy’s work, how shall we explain
the numerous discrepancies in essential items of doctrine, such as 770, to
mention only one out of a vast number of cuses,  the different dinmensions
assigned to the cpicyeles of the plancts by the Hindis and Plolemy
respectively ¢ But nevertheless it would be hazarded to conelude therefrom
that the beginnings of scientific Tlindt astronomy go back to a thne carliv
than that of Ptolemy. The whole question indeed is rendered ineapable
of decisive treatment by the fact that our knowledge of Greck astronomy
anterior to Ptolemy is so very imperfeet ; & fow points howeser which bear
upon it may he briefly referred to.

As well known, the theories of the sun and moon were settled in all
important points by Hipparchus alveady and merely borrowed from him by
Ptolemy. It would thercfore not be impossible that any seientitie Hindo
work, confining itsell to an exposition of the motions of those two heavenly
bodies and of xules for the approximative calenlation of their eelipae, should
have originated in the puriod futerveniug between Hipparchus and Ptolemy
Hipparchus again had already given determinations of the man pe viods of
revolution of the plancts, which Ptolemy found means to correct in some very
unimportant details ouly.  Oun the other hawd, it had indecd ot um-u;w;t
Hipparchus that the true motions of the planets eun be sudisfactortly eaplained,
ouly if we recognise two distinet inequalities s but he had noy unider taken 1o
separate those inequalitics in each ease, and so o establish o workeah e theory
of the plancts.  The latter achivvement, Ptolemy distinetly elainm for hinwi‘r;
and we therefore must conclude that any Hindo works ~such s foe the
Strya Siddhdnta—in which the anomaly of the apmis and the zumm:xiy of thie
conjunction are clearly distinguished are ater than Prolewy fram whom whone,
directly or indirectly, they could have derived their theory. T spite of what
we have learned from the Padicha Siddhantika, we nre unfior unately not yet
sufficiently informed about the entive contents of the earlivr Siddlantas to
apply the preceding remarks o a determination of their age. The Puiwehs
si-ddh&ntikﬁ, says nothing about uny planctary rules bemng given in the Romaka
Siddhinta, and that treatise, in its original forn, wight therefore possibly have
been one confining itself to a system of lunisolar astronomy, such as could
have been established on the teaching of Hipparchus alone,  That atnong the
works which represent the first remodelling of Hinda astronomy wn Cireek
lir‘les there should have been some which treated of the sun and woon only,
will not be considered unlikely, if we remember, firstly, that the theory of
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those two heavenly bodies suffices for the construction of a calendar, and,
secondly, that also the purely astronomical works of an earlier period—such
as the Jyotisha Vedinga, the Paitdmaha Siddhdnta known to Variha Mihira,
and the Strya Prajfiapti—do not treat of the motions of the planets. But
noue of these considerations compel us to date the Romaka Siddhinta earlier
than Ptolemy, while on the other hand the very name of the treatise seems
to point to a time when the fame of Rome had become so great that even in
the distant cast her name naturally attached itself to new views and doctrines
entering India from any western country 4. e. to a time hardly earlier than the
century of Ptolemy.

The Visishtha and Pauli$a Siddhéntas treated of the planets also, as
we learn from the last chapter of the Pafichasiddbintikd. The earlier set of
rules given there apparently distinguishes the two planctary inequalities ;
but as we understand the text only very partially, I cannot undertake to discuss
the connexion of those rules with Greek science.  Of the rules given in the
last part of that chapter it might perhaps be conjectured that they represent
a stage of the theory of the plancts more primitive than that of Ptolemy ;
for what is stated there about the true motions of the planets, apparently
takes into acecount only the more conspicuous anomaly which depends on the
planet’s position with reference to the sun, while the anomaly dependent on
the planet’s distance from the apsis is neglected. That the mean motions
attributed to the planets in that chapter differ in an altogether unaccountable
way from the true ones (and hence also from those determined with such
extraordinary aceuracy by Hipparchus, and adopted from him by Ptolemy),
T have remarked above alrecady.  But these facts do not, after all, supply
valid reasons for supposing any knowledge of astronomical matters to have
reached India from Alexandria before the time of Ptolemy. That certain
details in the Indian system appear more primitive than Ptolemy’s teaching,
may simply be due to the fact that the Indian astronomers, with their strictly
practical tendency, did not aim at any great accuracy, and ncglected what
in their view, would not affeet the result of their caleulation to an appreciable
degree.  And there is yet another, and in my view, very important considera-
tion which wmay account for the divergencies from Ptolemy on the part of
Indian works, of a date later than his; a consideration which Biot alrcady
has repeatedly suggested. It is by no means impossible that the astronomical
knowledge which the Hindfs have worked up in their Siddhintas was not
derived from any of the great scientific works of the Alexandrian astronomers,
but rather from an altogether different class of books wiz. the manuals used
by Greek astrologers (as Biot suggests) and, as we many not improbably add,
almanac makers. The astronomical views of men belonging to those classes



Lv INTRODUCTION.

may reasonably be presumed to have been rather imperfect, and to have
diverged in more than one point from the theorivs of the great seientitic
astronomers ; they might have borrowed from the latter whatever appeared
indispensable, neglected what scemed likely to cause greater trouble in
calculation than would be justified by the results, and, at the same tine, pre-
served elements of older, long antiquated, doctrines. The rules given in their
manuals might not improbably have resembled in their form the rules wmet
with in the early Indian Siddhintas, espeoially the Paulisa Siddhinta, which
apparently did not even hint at the theory of the subject, but only aimed at
enabling the practical astronamer or astrologer to perforty with the greatest
possible ease and rapidity the calculations absolutely neeessitated hy his
profession. The assumption of the carliest scientifio (or quasi-seicutitic)
Hindd astronomers being acquainted, not with the writings of men like
Hipparchus or Ptolemy or Theon, but only with works of the class mentioned
above, would I believe help to render the whole process of transmission mare
intelligible. Whatever distinguished the teaching of the practical calenlators
of Alexandria from that of the scientific men, would in that case hav
perpetuated itself in the Indian trcatises, and would thus from the outset,
have differentiated the lattor from works of the class of the Syntaxis.  The
fact of there having beon transmitted, not a complete astronomical system, but
only practieal rules joined perhaps with vague indications of general prineiple-
would moreover, I think, account satisfactorily tor the many difforences in
point of theory which distinguish the pompleted Indian system from its Grock
prototype. That a work of the class of the Sarya Siddlgnta should sprine
direetly from a work snch as the Syntaxis, would be almost incomprehensible,
even if’ we made the very largest allowances for the tendeney, on the part
of the Hindt adaptatar, ta harmonize the new forcign doctrine with indigenons
tradition and modes of computation, and to simplify his original to as large an
extent as possible, RBut if we, on the other hand, suppose that only a very
imperfect knowledge of Greek astronomy was transmitted to Inudia, and that
Hindtt Jyantishas endeavoured to erect on that basis a complote system of
their own, we can understand how there came into existence works of the
type of the Sirya Siddhanta, which, although evincing a fundamental depen
dence on Greek astronomy, yot show unmistakeable traces of originality in
numerous details, remaining indeed in by far the greater number of cases
inferior to their original, yet hitting here and there on new deviees and
methods of yndeniable merit and ingenyity, The perfeet Hindd system would
in that case haye to be characterized, not either as a mere loan from the
Gireeks, nor as & nere adaptation in the ordingyy sense of the word, but rather
as 3 combination, and fyrsher development proceeding on partly eriginal lines,
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of clements of astronomical knowledge, transmitted in a rude and detached
condition from the west. And the merit of originality as far as it goes, would
most probably beloug to the, unknown, author of the old Strya Siddhinta.

We next must enquire whether the older Siddhintas themselves
furnish any indications of the time when they were composed, and so
indirectly of the time when Greek astronomy was introduced into India.
The evidence on that point which is supplied by the Pafichasiddhintik itsclf
as understood by me is as follows.  Variha Mihira I suppose to have written
his treatise about the middle of the sixth century (see above p. xxx), and to
have taken for his epoch the year 505 A. D. which I understand to indicate
the time of the astronomical writer Lita, who himself is said by Vardha Mihira
to have commented on the Romaka Siddhaunta.  The latter treatise therefore
must have heen composed at some time anteceding—and possibly considerably
carlicr than—505 A. . That the Romaka Siddhanta—and in fact the
other four Siddbintas also—are a good deal earlicr than Variha Mihira,
ix confirmed by the general attitude of that writer with regard to the works
on which his treatise is based.  Vardba Mibira clearly distinguishes, on the
one hand, individual and manifestly modern writers, to particular views of
whom he refers in a few places, without however erediting them with complete
independent systems which it would be necessary to abstract; and, on the
other hand, treatises of generally recoguised authority, not to be neglected
by any writer who abns at giving a complete survey of the astronomical
doctrines current at that time in Indin,  Of the class of writers referred to,
Varaha Mihira mentions Lita, ﬁ_ryuh}mta, the guru of the Yavanas, Simbha,
Vijayanandin and Pradyumna.  Of Léita we have rcason to suppose that he
fourished about 505 ; of Aryabhata we know that he composed his treatise,
termed Laghv-dryabhatiyam, in 499.  Whether the other writers mentioned
by Vardha Mihira were carlicr or later than Aryabhata, there is so far
nothing to show. But it is certainly an intrinsically probable view that the
authoritative treatises, to the exposition of whose doctrines Varfha Mihira
devotes his work, and which to him appear to exhaust Indian astronomical
learning, were carlier than the individual writers to detached views of whom
he alludes incidentally, and whom he manifestly does not in any way consider
superior to himself.

This conclusion is in conflict with a view exprossed with more or less
definiteness by several writers on Hindd astronomy, according to which
Aryabhata is the oldest of scientific Hindd astronomers; for three at any
rate out of the five Siddhintas which we suppose to be carlier than Arya-
bhata have to be classed as scientific works. But there is in reality nothing
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to prove that Aryabhata was the first to cmbody in a Sanskrit {;rv:l.f.i.ew the
new theorics transmitted from the west. IHad he held that position, he
would of course have been entitled to have his doctrines fully abstracted by
a writer like Varitha Mihira, who constituted it his special task to summarize
all the more important theorics current at his time. But, as remarked above,
to Vardha Milira Aryablata clearly is only one of those mumerous writers,
who oceupied a position not unlike his own, as being engaged in vemodelling,
and possibly here and there improving om, the teaching of the veerived
Siddhintas. I cannot, in this place, enter into a full diseussion of Arya.
bhata’s doctrines ; but even a somewhat superficial examination shows  that
they stand in a particularly close relation to the Strya Siddhinta, whose
teaching they indeed modify and attempt to correet in many details, hut, yot
unmistakeably follow on the whole.  This becomes evident, if" we  enmpare
the Aryabhatiyam on the one hand with the Pauliga and Romaka Siddhintas
as summarized by Vardka Mibira, and on the other hand with the Strya
Siddhinta as reported by the same author, or, for the matter of that, with
the Stirya Siddhinta in its modern form, although we have had oceasion to
remark that in some points the old treatise agrecd with  Arvabhata's
teaching more closely than its modern reenst.  Vardha Mihira therefore, in
only occasionally dirceting attention to special views held by Aryabhata, did
all that could be expeeted from him.

The presumed priority of works of the natare of the Sirya Siddhanta
to treatises of the stamp of the Avyabhagiyan is moreovir strongly contirmed
by a covsideration of the gencral form of the two.  The former, even in its
modern shape, is a diffuse, loosely written, ill arvanged treatise 5 the latter, on
the other hand, is a compact, highly finished and systematical cotmpendium
which, like other works of similar kind, is much niore appropriadely viewed as
marking the end of a certain phase of literary development than its heginning,
In a certain sense indoed Aryabhata way perhaps be suid to veeupy hoth
positions at once. Belonging to a luter period than that in which the new
astronomical theories had for the first time been embodicd in works such as the
Paulisa, Romaka and Saura Siddhintas, he yeb may at the same time have
been, among astronomers and mathematiciang, the carliest of that group of
polished writers, who aimed at summarizing and systematizing in treatises,
distinguished by concisencss and clegance of form and style (and apparently
most of them composed in the Aryd metro), the contents of the less
ambitious literary products of the preceding period.  He may thus, in the
special field of astronomy, have been the first represontative of that literary
development, which Professor Max Mitller with so happy a torm has called the
Renaissance of Sanskrit literature, and of which Variha Mihira himself was
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one of the chief ornaments. This at any rate is possible, and, as far as our
present knowledge goes, not improbable, although we cannot positively assert
that no writers of a similar type had come forward before Aryabhata’s time.
ldta, whom T consider to have been an author of the same class, appears
to have been a somewhat younger contemporary of Aryabhata. That the
other writers quoted by Vardha Mihira and Brahmagupta, all of whom we
may assume to have had aims similar to those of Aryabhata, should have
been younger than the latter astronomer, is barcly possible.

Originality of doctrine can thus hardly be claimed for Aryabhata,
even if we understand originality in the limited sense of teaching what had not
before bedn taught in Tndia.  The only, and indeed weighty, exception is the
doctrine of the revolution of the earth on its axis, if indeed that also had not
somchow been transmitbed from Greece.  Aryabhata’s work is the only
Indian one, known to us, in which that doctrine is set forth, and Brahmagupta
aseribes it to him ; but yet it is not quite certain whether it originated with
Aryabhata, or was an opinion held by others also and merely adopted by him,
In chapter XTIL of the Pafichusiddhdntikd Vardha Mihira when attempting
to refute it does not intimate that it belonged specially to Aryabhata,

The great fame which Aryabhata no doubt enjoyed we are thus not
able to account for quite satisfactorily. It may have been due partly to the
finished conciseness of his performance, a feature always highly esteemed
by HindQs; partly perhaps also to his peculiar system of notation. His
astronomical work is morcover the oldest among those known to us in
which there appears a chapter on mathematical science in midst of the astro-
nomical rules, and the astronomical matter itsclf is exhibited in two separate
seetions, a gola pAda and a'ganita pida. Not improbbaly he really was the
first to effeet this amalgamation of the results of native nathematical science
with the astronomical science of foreign extraction, and to reuder the exposi-
tion of the astronomical theory clearcr and more systematical by a well
founded subdivision of topics; and that also might account for part of his
reputation.

There is one further point which requires to be touched upon in a
discussion of the possible age of the Siddhdntas on which Variha Mihira’s
work bases, viz. the position of the initial point of the sphere from which
all longitudes are reckoned. As is well known, all scientific Hind® astrono-
mers speak of that point as the first point of Advini or the last point of
TRevatl, and this is manifostly also the tacit presumption for all the different
rules given in the Paifichasiddhdntik; one exception viz. that acoording to
the Paitiwmaha Siddhinta the first point of Dbanishthd marks the beginning
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of the sphore, is specially noticed by Variba Mibiva.  Now, for fising the
precise whereabouts of the first point of Advini we have to avail ourselyes
of the stat ments as to the longitudes of certain stars which ave wade i
various old astronomical treatises, the carliest of them Deine the Strva Sid.
dhénta, according to which the so called yogatird of the asterisin Revati Las
no, or almost no, longitude . ¢., coincides, or nearly coineides, with the first
point of Advinl. Aud as that junction star which has been identificd with
¢ piscium had the same longitude as the vernal equinoy in 372 AL 1), the
latter year is supposed to mark approximately the begimning of the seivntific
period of Hind astronomy. If, instead of following the majority of writers,
we prefer to adhere strictly to the statement made in the Steya Siddbanta,
according to which the longitude of the junction star of Revati is not zepo
but 859° 50/, we are led to 560 A. . instead of 572,

This determination of the heginming of the seientific peviod of Hindd
astronomy has of course always rightly been looked upon as rowshly
approximative only, sinee we have no good veasons for believing that th
Hindés of that period were able to perfom so difficult an operation as the
determination of the place of the cquinox with great aceuracy,  That the
beginnings of scientific astronomy have to by dated back another seventy
years ab any rate, alrcady follows from the admitted time of Aryabhata alon.
That the Siddhantas on which Variha Mihira drow, among  them the old
Strya Siddhinta, were also older than 572, follows from Vardha Milivas own
time.  Professor Whitney, who has discussed most thoroughly the bearing «
of the statements which the Sarya Siddhinta makes about the fongitudes of
the junction stars, points out that if, instead of relying solely on the lonsitude
assigned to & Pisciun, wo compare the longitudus assigned to the junetion
stars of all the 27 nakshatras with their actual longitudes in 360 AL D,
a certain uniformity of error observable in the statemonts of the Strya
Siddhinta leads us to suspect that the measurements of position: on which
the list was established were wade from an equinox situated about 17 to the
east of that of A. D. 560 and hence at a time proceding the latter date by
about seventy years. )

At any rate the Strya Siddhiuta supphics us with data cnabling us to
decide what poiut of the fixed sphore is supposed to mark the first point of
Agvinl.  But these data fail us, it we turn to other astronomical works,
As we have seen above, the Paiichasiddhantika itself, whery stating the
longitudes of certain junction stars, says nothing about the junction star of
Revatl, and from what it says about othoer junction stars we are unable
draw any well settled inferences. But it is of course by no means unlikely
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that Variha Mihira, whom we suppose to have written the Paiichasiddhéntiks
about the middle of the sixth century, should have agreed with the Strya
Siddhdnta in giving no, or almost no longitude, to the star £ piscium.

But what, we must proceed to ask, did Aryabhat_a, and his predeces-
sors, such as the authors of the Romaka and Pauliga Siddhantas, understand
by the tirst poiut of Agvini? The Laghviryabhatiyam says nothing about
the longitudes of junction stars, and we are therefore unable to determine
what point of the sphere coineided, in Aryabhai_:a’s view, with the first point
of Advini.  The same remark applies to writcrs whom we may suppose to
have anteceded Aryablmta. That the authors of the Romaka and Pauliga
already treated the first point of Advini as the initial point of the sphere,
appears to follow from the Pafichasiddhintika ; but nothing shows that they
supposed the small star £ Piscium to be situated just at that point.  To me
it appears most probable that the carliest scientifie Siddhantas used the term
“the fist point of Agvini” in the same sense as the Greeks used the term
“the first point of Aries’ vz to denote, not a fixed place in the sphere, but
simply the place of the vernal equinox.  From the term, the fiest point of
Advini’ so much indeed follows that, when it was first coined, the vernal
equinox was, aceording o the observations of the Hindd astronomers, some-
where to the west of the asterisme Asvind and to the cast of the asterism
Revati; but about the exact point meant to be indicated by that term we
know nothing.  1f indeed the limits of the nakshatras had been accuratcly
defined already before the period of the Siddhantas, the term ¢adviny-adi’
would have from the beginning indicated a definite place in the fixed sphere ;
but there is nothing to show that that was the case, and, as pointed out by
Profossor Whitney, it certainly is intrinsically improbable that the small
star < piseinm should ever have marked any important point in the sphere
hefore the time when it actually happened to coincide with the vernal equinox.
Thus to the author of the Romaka £ 4. the term ¢ the first point of Advini’
may have meant a spot one or two or three or four or five degrees east of £
piscitn, any spot indeed lying to the cast of the junction star of Revati
and to the west of the junction star of Advinl.  Later on, let us say about the
middle of the sixth century, it was observed that the place of the equinox
coineided, or nearly coincided, with the junction star of Revati, and as at that
time the fixed sidercal system had exclusively established itself in India,
thut star has ever since been held to mark the beginning of the sphere.
But the earliest testimony we have for this its position is the statement
which the Strya Siddhdnta, as known at present, makes about the longitudes
of the junction stars, and that statement in no way proves that the same view
was set forth in other books of a presumably carlier date.
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The preceding remarks merely aim at showing that thn‘rv 5o evie
dence for the earliest Siddhintas having ilentificd the place of the vernal
equinox with that of ¢ Piscium, and that we henee are uu.f. mmpwllmin to look
for the beginnings of scientific indQ astronomy in a period not v:tl"]u'!’ than
the fifth century. I do not on that account wish to assien the obd chl«il}:’xf;f:m
to a very much carlier time.  All T am interested in is to show the pnwl».xh.t v
of there having intervened between the early Siddhintus wnd Vardha Mibira
a period of sufficient length to account for the authoritative position which
the former manifestly oceupy in the view of the author expounding their
doctrines. Bwvery requirement may I think be Tooked upon as sutisfied i we
suppose the Romaka and Paulifa Siddhintas ¥ to have been composed not
later than about 400 A. D.

s it n W

The present edition of the Paiichasiddhantika i« founded on two
Manuseripts, belonging to the Bombay Government. The fext of the better
one of those two Manuscripts is reproduced in the left hand  columns of our
edition, while the foot notes give all the more important ditferent readings
from the other Manuseript. A eomparison of the traditional text, with the
emended one, as given in the right hand columns of the edition, will show that
the former had, in many cases, to be treated with great liberty,  Not
unfrequently the emended text is merely weant as an cquivalent in sense of
what we suppose Vardha Mibira to have aimed ab expressing, while we attach
no importance to the words actually employed in the cmendation, The many
quotations from the Padichasiddhantikd, which arc to be met with in Bhattot
pale’s commentary on Vardha Mihira’s Brihatsambitd, and which as o rule
exhibit the text in a more correet form than the Manuseripts of the Puiieha.
siddhintikd, have been of great help to us. In a completa “appuratus ceritiens”
of the Paiichasiddhintikd Bhattotpala’s readings would of conrse have to be
exhibited in full; but as Bhattotpala’s text itself hing come down to us in o
very questionable condition ouly, we have, for the prosent, refeained from
doing morc than tacitly availing oursclves of Bhattotpala's sodines where
ever thoy scemed to deserve proference. A fow stanzas oted by Blatto
pala and manifestly belonging to the Patchasiddhdutiki, although not to be
met with in our Manuseripts, we have inserted in the emended oxt,

* T take this opportunity of correcting, according to my prewent views, the transdation
of I, 10. Asthe translation stands, the last words of that wtanzs would make an interesting
statement us to the relutive ages of the Romuka and Paulite Siddbdntus. Bt | oat present huve
little doubt that the words ¢ na atichire’ do not mesn, * which is not el older but rather ¢ with
no great distance ' (or ‘ difference’), the meaning of the text buimg thut the results of n caleulation
of the rhargana according to the principles of the Paulida do not differ very much fron those of a
calenlation proceeding un the dute of the Rowmuks Sidibinta,
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What, in the attempt to reconstitute the text of an astronomical or
mathematical work, has chiefly to be kept in view, is of course to arrive at
rules which are eapable of being proved mathematically. This consideration
has, - more than one place, led us to introduce changes even where such
appearcd hardly to be required by the external form of the traditional text.
I may quote, as an example, the rule for caleulating the heliacal rising of
Agastya.  The considerable deviation from the text of the Manuseripts which
our emended text exhibits in that place appears to be absolutely called for by
the general principlos on which such caleulations have to be performed
according to all scientific Hindd treatisos, and is morcover justified, as my
collaborator shows in the Sanskrit Commentary, by the circumstance thab
the result of the cmended rule of the Paiichasiddhintikd agrees with a state-
ment made by Vardha Mihira in the Brihatsamhitd.  In a few cascs,
uotably in the last chapter, where we were anable to emend the readings of the
Manuseripts in any satisfactory way, Pandit Sudhikara has substituted for the
traditional text, rules tounded on the general prineiples of Hindd astronomy ;
a proceeding which will Tardly be objected to, as the cases in question are
pointed out in the Commentary, and as side by side with the substibuted text
the traditional text is exhibited i full,

(1. Th.
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CHAPTER L

InTRODUCTORY.

1. Having at the outset done devout reverence to the various most
excellent Munis among whom Strya and Vasishtha are foremost, and to my
father and teacher by whom I was instructed in this Sistra,

2. I shall endeavour to state in its entirety, according to the opinions
of earlier teachers, that correction of the planetary motions (bija) which is
most excellent, easy, clear and a wonderful mystery.

The term bija signifies any correction applied to astronomical elements
which aims at bringing about an agreement between the celestial phenomena
such as calculated and such as actually observed. Variha Mihira seems
anxious to show that the bija applied by him is not his own invention but
bases on the authority of former teachers.

3. There are the following Siddhintas: The Pauliga, the Romaka,
the Vésishtha, the Saura and the PaitAmaha. Out of these five the first
two have been explained by Litadeva.

4. The Siddhinta made by Pauli¢a is accurate, near to it stands
the Siddhinta proclaimed by Romaka ; more accurate is the Sivitra (Saura) ;
the two remaining ones are far from the truth.

5, That subject which is the greatest mystery, which perplexes
the minds of the writers of astronomical works, viz., the eclipses of the sun
1 am going to explain in this work, dismissing all jealousy.

6. Moreover, there are contained in this werk the (rules for the
calculation of the) direction, the duration, the period of total obscuration,



(4)

the hypothenuse, the time of the measures (i. e., beginning, middle, ete.,
of eclipses); the eclipses or (eventual) non-eclipses of the moon; the
conjunctions and obscurations of the stars and planets ; the means of finding

the difference in longitude ;

7. The prime vertical ; the rising of the moon; the construction
of astronomical instruments; the shadow of the gnomon; other useful
matters; the sine of terrestrial latitude; the sine of colatitude; the
declination and other topics.

8. Deduct the Saka-year 427 (i. ¢., deduct 427 from the nuwmber of
that Saka-year for which the ahargana is wanted), at the beginning of the
light half of Chaitra, when the sun has half set in Yavanapura, at the
beginning of Monday,

9. Turn (the number of solar years remaining after the deduction
of 427) into (solar) months, add the months (i. e,, the elapsed lunar months
of the current year), set the result down in two places ; multiply it (in one
place) by seven and divide by 228; add the resulting adhimdsas (to the
number of solar months obtained above); multiply the sum by thirty ;
add the tithis (. e, the elapsed tithis of the current month); set the rosult
down in two places,

19, Multiply it (in one place) by eleven, add 514 and divide hy
703; deduct the quotient (from the number of tithis found above). The
final result is the (sivana) ahargana, according to the Romaka Siddhanta.
So it is also according to the Paulida which is not much older (?)

The three preceding stanzas contain a concisely stated rule for the
calculation of the sivana ahargana (i. e., the number of civil days which have
elapsed from a certain epoch up to a given date), according to tho Romaka
Siddhinta. The general principles of the calculation arc those followed in all
Indian astronomical books and therefore do not stand in need of elucidation.
The special features of the calculatjon according to the Romaka are as follows.
The propartion by means of which the number of the intercalary months
‘of the given sum of years is cajeulated is L., 4, e, seven months have to be
added for each period of 228, & his proportion results from the principles
—stated in stanza 15—on which the luni-solar yuga of the Romaka Siddhinta
is constructed. Nineteen solar years contain 235 lunar synodical months .
dn order to obtain the synodical months of a peried of 928 Indian solar
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months (=19 years) we therefore have to add seven to 228. For the
purpose of converting the lunar months into sivana days the Romaka
Siddhénta employs the proportion i ; 703 lunar days contain 11 kshayihas

% e., omitted lunar days. Since, as we see from stanza 15, the yuga of the
Romaka comprises altogether 1057500 lunar days out of which 16547 are
kshayihas, the numerator of the above fraction would, strietly speaking,

have to be increased by 2 ; but for simplicity’s sake this rather insigni-

ficant fraction is meglected. About the additional quantity 514 (as well as
other similar quantities involved in the calculations of the Romaka Siddhinta)
see the introduction.—Thc beginning of the day is reckoned—not, in the
usual Indian fushion, either from midnight or sunrise, but from sunset ; and
not from the meridian of Lanki (or Ujjayini) but from that of Yavanapura,
i, e., Alexandria, The epoch finally from which the calculations start is the
first of Chaitra 427 Saka elapsed, 1. e., 505 A, D,

11. 12. 18. Three stanzas apparently containing a rule for caleulating
the ahargana according to the Pauliséa Siddhinta. The details are obscure.
Compare the Introduction. :

14, According to the Saura (Siddhinta) there are in 180000 years
£6389 intercalary months and 1045095 omitted lunar days.

15, The luni-solar yuga of the Romaka comprises 2850 years; (in
these) there are 1050 adhimésas and 16547 omitted lunar days.

16, The sum of the months of the years of the yuga constitutes the
solar measure ; if we add the intercalary months we have the lunar measure ;
if (from the lunar months multiplied by 30) we deduct the omitted lunar
days we have the sivana measure; and if we add to the lunar measure the
years we have the sidereal measure.

The lunar synodical months plus the revolutions of the sun give -
the lunar sidereal months,

17, Add 2227 to the ahargana and divide by 2520; divide the re-
mainder by 360 ; the result are the elapsed years,

18, Add to them the eurrent year, multiply by three-and deduct
four. Divide by seven; the remainder gives the Liord of the year, beginning
from the sun,
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19. Divide the ahargana by thirty, add to the resulting months the
current month and multiply by two. Dividing by seven, the Lord of the
month results from the remainder, beginning from the sun,

20. The Liord of the day is found by dividing the ahargana by seven.
Multiply the latter by three, deduct one and add the elapsed horés ; multiply-
ing by five and dividing by seven we find the Lord of the hour (hora).

21.  The Lord of the year is each fourth number (in the series of
planets arranged in the order of the days of the week); the Lord of the
month each third; the Lord of the hour each sixth; the Lord of the day
each immediately following one.

22.  What the (astrological) result of all this is with regard to the
year and the month, that I shall explain in the composition of the horé-
tantra, ete., after having examined the utterances of the Munis on those
points,

Rules for finding the so-called Lords of the year, month, day and hour.—
The rule for finding the Lord of the year bases on the assumption of years
of 860 days; the Lord of the year so constituted is that planet which rules
over the first day. In order to facilitate the calculation, the rule directs us
to divide the whole given ahargana into periods of 2520 =7 x 360 days; as
during each of these periods the varshapati revolves through the whole scries
of seven, they may be disregarded in'the caleulation. The kshepa-quantity is
manifestly added to the end that the calculation wmay start from the epoch of
the karaga. The days remaining—after the periods of 2520 days have been
rejected—are divided by 360; to the resulting years one is added for the
current year, they are multiplied by three because in the serics of the planets
arranged in the order of the days of the week the Lords of the years follow
one another at intervals of three, and finally four are deducted (which is the
same as adding three) in order to enable us to count the varshapatis from
the sun, instead of Budha who is the Lord of the year of the epoch. We
finally divide by seven when the remainder shows the varshapati of the current
year.—The Lord of the month is found in an analogous manner. The result-
ing number of months of thirty days each is multiplied by two because the
Lords of the months follow one another at intervals of two places.—The
Lord of the day is found by a simple division of the ahargana by seven.—The
formula for the elapsed Lords of the hours would be: Lord of the day
+5 (elapsed hours~1)—for the Lord of the first hour is the Lord of the
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day and the Lords of the hours succeed one another at intervals of five—;
but, in order, apparently, to render the above expression more homogeneous,
14 x Lord of the day (which as being a multiple of seven does not change the
final result) is added and we thus have 5 (3x Lord of the day—1+elapsed
hours). This latter expression being divided by seven, the remainder indicates
the Lord of the hour.

23. TIncrease the ahargana by one and divide by 865 ; divide (the
remainder) by 30; the quotient represents months and the remainder is to be
considered as belonging to the Lords of the degrees of the signs.

24. (These Lords are as follows): Brahman, Prajipati, Indra, Siva,
Chandra, Manya (?), Vasas (?), Lakshmi, Agni, Yama, Strya, Chandra,
Indra, Go, Nirriti.

95. Hara, Bhava, Guha, the Fathers, Varuna, Baladeva, Viyu,
Yama, Vich, Sri, Kuvera, the Mountains, Bhimi, Brahman, the highest
Person (Vishnu).

A rule, as it appears, for finding the Lords of the current degree
which is roughly identified with the current day, years of 365 days being
identified with total revolutions and months of 30 days with signs. Several
of the names of the Lords of the degrees are doubtful ; some others—as will
appear from an inspection of the traditional text—had to be supplied in order
to complete the required number, viz., thirty. We have not met in any other
work with a similar enumeration of the Lords of degrees. The subject is of
course one of altogether subordinate interest.



CHAPTER II.

DETERMINATION OF NARSHATRAS, Hre.

1. A stanza of obscure import.

2. Add to the ahargana 1936 and divide by 3031; the quotient are
the ghanas. Multiply the remainder by nine and divide by 248; the
quotient are the gatis and the remainder is the pada.

3. Divide the ghanas by 16 ; multiply the remainder scparately by
three, divide by four and deduct the result taken as signs, cte., from the simple
remainder taken as revolutions ; add the ghanas multiplied by 2 and divided
by 2971, taken as signs and so on.

4. One hundred and eighty five multiplied by the gatis and lessened
by the tenth part of the gatis are the minutes. In case of the number of

the pada being 124, half a gati isto be added (to the gatis) and the same
amount is to be deducted from the pada.

5. For each half gati six signs are to be added together with four
liptds and degrees equal in number to the remaining pada. According to the
latter the result has to be added either as a positive or a negative quantity.

6. Deduct one from the pada and multiply by five, add 1094 and

deduct from 2414 ; multiply the remainder by the pada and divide by sixty
three; the resulting minutes (%) .

Of the above stanzas we have succeeded in making out the
sense in part only. They manifestly teach how to find the mean, and
perhaps also the true, positions of the moon by means of a process more
compendious than the one usually employed in Indian astronomy. What
preliminary operation is prescribed in stanza 1, we are altogether unable
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to say. Stanza 2 directs us to add a kshepa quantity of 1936 to the
ahargana and thereupon to divide the latter into periods of 8031 days each
which are called ghana. The remainder is to be multiplied by 9 and divided
by 248, ¢. e., it is to be divided into periods of 2# days each which are called
gatl. The remainder of the last division is called pada. The whole given
ahargana is thus subdivided into a certain number of ghanas plus a certain
number of gatis plus a pada. The rationale of this subdivision is, that the
period of 22 days very nearly represents one anomalistic month, while the
ghana period of 3031 days is nearly equal to one hundred and ten such months.
Hence in any integral number of ghanas and gatis the moon returns to her
apogee (from which the calculation must be supposed to start) and thus no
equation of the centre need be applied to it. The latter in fact depends solely
on the remainder which is here called pada.

While the division of the ahargana into ghanas and gatis furnishes
us at once, without any further calculation being required, with information
as to the position of the moon with regard to her apogee, special calculations
have to be performed to the end of finding her mean place. We have at first
to ascertain how many revolutions the moon performs in one ghana. As
we are so far ignorant of the moon’s mean motion according to that Siddhanta
whose teaching the text here summarizes, we employ the rate of motion as
determined by the StryaSiddhinta, when we find that the moon’s motion in 3081
days amounts to 110™ 11° 7° 31’ 28". Rejecting the whole revolutions we
might express the above as one revolution minus three quarters of a sign

of a sign. Instead of the last fraction the text employs 2

plus about 1285 A 29712:_

The quantity representing the moon’s motion during one ghana (1 ~ -t
has now to be multiplied by the number of ghanas contained within the given
abargana. The resulting expression stands as follows (g=ghana)

Iev 2 s
g - ';71 (I)

In order to get rid of the entire revolutions which are not needed,
the number indicating the ghanas is divided by 16 so that instead of g we
obtain 16 h + r (r=remainder). The expression (I) then assumes the

following form

(16 h+r (48h+3r) +2%;

(if we allow g to remain in the third term).
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Rearranging the terms we get
16 h™ +1* —12 b ~ 27428

Rewembering now that 12 h* = h™ and that entire revolutions may
be rejected, we finally obtain

T L T L o1k
r™ =2 425 which agrees with the contents of stanza 3.
4" T o7

Calculating in the same way the mean motion of the moon during
a gati (=22 days) we find

1™ +(185—1)™. Moultiplying this expression by the number of gatis
contained in the ahargana and rejecting entire revolutions we obtain

(185 gati-&#)™, which agrees with the former part of stanza 4.

After having thus found the place of the moon at the end of the
entire ghanas and gatis contained in the ahargana, it remains to calculate
how far she has advanced in the remaining fraction of a gati which the text
calls pada. This remainder presents itself in the form of ninths of days
which may vary from 1 up to 247 (248 ninths being a full gati). The text
now directs us to deduct 124 whenever the pada number exceeds 124, and
in that case to add half a gati to the whaole gatis found above. The reason
for this is apparent; during £t days=half a gati the moon advances from
her apogee to the perigee where the equation of the centre again is equal
to zero, and any calculation of the moon’s true place may with advantage
start from the last place at which the equation had been equal to zero. Ouly
it is in that case not apparent why stanza 5 directs us to add, for that half
gati, six signs plus four minutes to the moon’s mean place; for the moon’s
mean motion in one half gati amounts to considerably more, viz., six signs plus
about ninety-twe minutes. Nor are we at present able to throw light upon
the meaning of the processes prescribed in stanza 6. They possibly refer to
the operation of finding the moon’s true place, although we are more inclined
to think that this latter point is treated in stanzas 4—9 of the next chapter.
But as those stanzas themselves have, on the whole, remained obscure to us,
no definite conclusion can for the present be arrived at.—Some farther
remarks on the point under discussion are to be found in the Introduction to
this work.
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7. The fourth part of the moon’s Jongitude multiplied by nine gives
the nakshatra in which the moon is at the time ; the degrees are muhdrtas.—
Half the difference in longitude between sun and moon multiplied by five
gives the tithi which is explained in the same way, (viz., with regard to the
-mubtrta answering to the degrees).

The above stanza teaches how to find from the longitude of the moon
the nakshatra in which she is at the time, and the tithi.—For the former
purpose we have merely to remember that, as 12 signs are equal to 27 naksha-
tras, 1 sign is equal to §nakshatras. Divide therefore the signs of the
moon’s longitude by 4 and multiply by 9. And as the moon remains, accor-
ding to mean measure, 30 muhtrtas in one nakshatra, the degrees of the
moon’s longitude divided by 4 and multiplied by 9 give the muhtrtas of the
current nakshatra.—For the latter purpose we keep in mind that one tithi
has elapsed when the difference of the moon’s and the sun’s longitude amounts
to 12 degrees. Each sign of difference therefore answers to 24=3 tithis,
and each degree to sl tithis =3 muhtrtas.

8. At the beginning of Capricorn the solar day (i. e, here, the
sdvana day) is measured by 1591 palas to which three palas have to be added for
each day ; in the six signs beginning with Cancer three aggregates of three
{added daily) give the measure of the night.

A very rough rule for calculating the length of the day and the night
at any time of the year. The shortest day, at Avanti, is supposed to have the
length of 1591 palas=26 nidikds 81 palas. In the period intervening be-
tween the shortest and the longest day the days are supposed to grow
by regular increments of three palas and again to decrease by the same
amount in the other half of the year. The measure of the days in the one
period furnishes at the same time the measure of the nights in the other
period.

9. In the six signs beginning with Cancer multiply what the sun has
passed through (i. e., the sun’s longitude in signs) by two; the result is the
length of the shadow at noon; in the six signs beginning with Capricorn
(multiply in the same way and) deduct the result from twelve,

10. Take half of the midday shadow (of any given day) and (treat-
ing it as signs) add three signs; this gives the longitude of the sun, during
his southern progress. During his northern progress deduct half of the
midday shadow from fifteen. ' ) .
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Two very rough rules for finding the length of the gnomon’s shadow
from the sun’s mean longitude, and vice versd the latter from the former,—
The latitude of Avanti being supposed equal to the inclination of the ecliptic,
the gnomon throws no shadow on the noon of the day on which the sun enters
Cancer. The supposition then is that, when the sun has passed through Can-
cer and is at the first point of Leo, the shadow has reached the length of
two angulis, and that each further sign adds two more angulis until the sun has
reached the first point of Capricorn when the shadow will be 12 angulis long.
Each further sign then takes away two angulis until the shadow will again
have become zero at the moment when the sun again enters Cancer.—In order
to find, by the reverse process, the longitude of the sun from the shadow, we,
on any day during the sun’s southern progress, divide the midday shadow by
two and add three to the quotient, because at the moment when the sun
enters on his southern progress his longitude already amounts to 3 signs.

During the six signs of the sun’s northern progress the midday shadow
is equal to twelve minus double the number of the signs passed through ;
therefore 2 multiplied by the signs passedthrough = 12— shadow; therefore signs
= 6 — 2% Byt as at the beginning of the northern progress the sun’s longitude
already amounted to 9 signs, we have to add 9 to the 6 of the above formula

and we therefore have in conclusion : Sun’s longitude in signs =15 -—s}m——;—if?—“-"-

11. Divide 36 by the sum of twelve and of the given shadow minus
the midday shadow, and add the longitude of the sun; the result is the
lagna, ¢ e., the ecliptic point on the castern horizon. If the lagna is required
for any time in the afternoon the result is to be deducted from six signs, and
the remainder to be added to the sun’s longitude.

12. (In order to calculate the shadow from the given lagna) deduct
the longitude of the sun from the lagna; the resulting minutes are to be
used as the divisor of 64800, Thus in the eastern hemisphere ; in the western
hemisphere those minutes have (before heing used as divisor) to be deducted
from the minutes of six signs,

13, From the result (in both cases,) 12 has to be deducted and the
midday shadow has to be added ; this is the calculation of the shadow ac-
cording to the concise Vésishtha Siddhanta.

The above three stanzas contain rough rules, 1. for the é&lcula,tion of
the lagna (1. e, that point of the ecliptic which at a given moment is on the
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eastern horizon) from the given shadow of the gnomon and 2. for the reverse
calculation of the shadow from the lagna supposed to be known.—At the
time when the sun is on the meridian, the shadow is equal to the midday-
shadow (known from stanza 9), and the interval between the sun and the
ecliptic point on the horizon is then assumed to amount to three signs (of
course an inaccurate assumption). The following proportion is now established :
When the difference of the given shadow and the midday shadow amounts
to zero, the longitude of the lagna amounts to the longitude of the sun plus
three signs; to how much will it amount when the difference of the given
shadow (whether in the forenoon or afternoon) and the midday shadow
amounts to so and so much. In order to establish a workable proportion (for
so far we only have a proportion one of whose members is zero) twelve is
added to the first and to the third member of the proportion, so that it
assumes the following form : When the difference of the given shadow and the
midday shadow amounts to 12, the lagna amounts to longitude of sun plus
three signs ; to how much will the lagna amount when the difference of the
given shadow and the midday shadow amounts to so and so much plus 12.
Considering that the greater the difference between the given shadow and
the midday shadow is (v. e., the nearer the sun is to the eastern horizon), the
lesser the interval between sun and lagna will be ; the formula for that inter-
val assumes the form stated in stanza 11 :

I= 12x3
T 12+giv, shad.—mid. shad.

Adding to this the longitude of the sun we have the longitude of the
lagna, for any time between sunrise and noon.—For any time in the after-
noon the above formula gives, not the interval between the sun and the
eastern ecliptic point, but the interval between the sun and the ecliptic point
on the western horizon ; the result has therefore to be deducted from 6 signs
whereby it is transformed into the interval hetween the sun and the eastern

ecliptic point.

Stanzas 12 and 13 contain the rule for finding the length of the shadow
from the given lagna ; it is simply the reverse of the preceding rule. Instead
of signs the calculation is however carried on with minutes, so that the -
above formula for the interval between sun and lagna assumes the following,
form :

I oo 2810 64800 ‘
~ 124shad.~mud. shad. ~ 12+shad.~mid. shad.

From this we easily derive :
Shad. =" —12 + mid. shad.



CHAPTER IIL

Pavriés SippHANTA

1. Multiply the ahargana by 120, deduct 33 and divide by 43831;
the result is the mean longitude of the sun in due order (1. e., in revolutions,
signs, ete.). Add twenty degrees to the sun’s mean anomaly ;

9—3. Corresponding to the signs of the anomaly we have the
following (aggregates of ) minutes which have to be deducted or added (from
the sun’s mean longitude) ; viz.

11, 48, 69, 69, 54, 25;
and again :
10, 48, 70, 71, 54, 25.

Through them the mean longitude of the sun is turned into the true
longitude.

The above three stanzas contain rules for finding the mean and
true longitudes of the sun.—The former rule is simple (if wo abstract from
the kshepa-quantity — 33) and bases on the assumption of a sidereal year com-
prising 365° 6" 12" .—The method, on the other hand, for ascertaining the
true place of the sun is very obscurely stated. It however appears that it
has to be understood as follows.

In order to ascertain the sun’s true place the kendra, 1. ¢., the mean
anomaly has to be found first ; how to do this the text however fails to teach
us.

The kendra once being found we are directed to increase it by twenty
degrees ; the reason of which appears from what follows. That the quantities
stated in stanzas 2 and 3 represent different equations of the centre, there can
be no doubt; for it is said at the end of stanza 3 that through them the mean
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sun is rendered true. There are two series, each containing six such quan-
tities; but as stanza 2 says that those quantities correspond to signs of
anomaly, we must conclude that only six different equations are intended to
be stated, and that hence the corresponding terms of the two series have
to be added to each other. On doing this we obtain the following series of
equations
21/, 967, 139/, 140’, 108", 50’;

and a nearer investigation leaves hardly any doubt that these values
represent the sun’s equations of the centre for the mean anomalies of 10°, 40°,
70%, 100°, 180°, 160°. According to the modern Stirya Siddhénta the equa-
tions of the centre for the mentioned anomalies would amount to

24/, 90/, 132", 138’, 107/, 48";
a series not very widely differing from the one given aborve.

It now appears that the direction given above to add 20° to each
anomaly aims at enabling the writer to state his equations of the centres—
nominally at least—for entire signs of anomaly ; for 10°+ 20°=30°=one sign ;
40°+20° = 60° = two signs and so on,

Another question is why the author prefers to state the equations
of the centre for 10°, 40° ete. of anomaly, instead of giving, from the
outset, the equations for 30°, 60° and so on.

The reason probably is that he originally intended to state the
equations of the ceutre for whole signs reckoned not from the apogee of
the sun, but from the beginning of the sphere, . e., the first point of Aries.
For stating the sun’s equations of the centre for 10° 40° etc. of anomaly
is the same as stating them for 90° 120° ete. reckoned from the beginning of
the sphere, if only the longitude of the apogee amounts to 80°. But it is.
well known that the different Siddhéntas teach the longitude of the apogee.
to amount to so much or about so much.

4—9. Six stanzas referring to the moon and most probably teaching
how to find her true position. The details however are obscure. Compare
the Introduetion.

10—11. Twenty, sixteen and a half, seven minus one quarter
multiplied by the equinoctial shadow (of a given place) and taken in direct;
as well as in reverse order give the vinadikas of ascensional difference,
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Beginning from the day of the (vernal) equinox there takes place an increase
of the length of the day, which is to be determined for the three signs
beginning with Aries by means of the quantities (Whanda) (determined above)
being added, while they are to be subtracted from each other successively
for the three signs beginning with Cancer ; a decrease (to be determined in an
analogous way) takes place in the six signs beginning with Libra.

12. This method of finding the viniAdikAs of ascensional difference
furnishes accurate results for the country lying between the ocean and the
Himalaya mountains ; how accurate results are to be found for other localities

I shall explain in the chedyaka-chapter.

A rough rule for finding the length of the day during the different
seasons of the year in a given latitude.—The author at first—by a method
whose details are not given—calculates the vinidikis of ascensional difference
for the first three signs for those places where the equinoctial shadow is equal
to one, and doubles the results so as to have rcady the quantities which in
each given case have to be added to the length of the cquinoctial day. He
thereupon directs us simply to multiply the doubled results by the given
equinoctial shadow in order to find the ascensional difference for any given
latitude. The further steps of the process are the customary ones and are
moreover detailed in the Sanskrit Commentary.

13. The nAdik4s arising from the difference in longitude from Yavana
(i. e., Yavanapura) are seven and a third in Avanti, nine in Virinasi (Benares).
I will now explain the calculation (of the difference in longitude) with regard
to other places.

14. From the sum of yojanas multiplicd by nine, divided by cighty,
and then squared, subtract the square of the difference of the two latitudes ;
the square root (of the remainder) divided by six gives the desired nidikds,

The above two stanzas teach how the longitude of any given place is
to be caleulated. Stanza 13 states the distance in longitude of Ujjayini and
Benares from Yavana (pura) 4. e., undoubtedly, Alexandria. Stanza 14 teaches
how the distance in longitude of any given place from a given meridian may
be caleulated. Let the Meridian be that of Ujjayint and let the distance in
jojanas of the given place from Ujjayini be known. The first task is to express
this distance in degrees. The equatorial circumference of the earth being
assumed to amount to 3200 yojanas, we haye the simple proportion—
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3200 yoj. : 360° = given yoj. : &

o o 360xgiven yoj. 9 x given yoj.
b 3200 80

‘We then take the right angled spherical triangle which has the dis-
tance of Ujjayini and the given place for its hypothenuse, and for its two sides,
1. that part of the parallel of latitude of the given place which lies between that
place and the prime meridian and 2. that part of the prime meridian which lies
between Ujjayini and the mentioned circle of latitude. The latter side is
known, for it is equal to the difference of Iatitude of Ujjayini and the given
place. The triangle is now treated as a plane one, and from the hypothenuse
and the given side the third side—which represents the desired distance in
longitude—is deduced. The result which comes out in degrees is turned into’
néidikés by being divided by six.

15. Half the nAdik4s of ascensional difference have to be subtracted
from the nidikds of difference of longitude in the northern hemisphere, and in
the southern hemisphere they have to be added ; reject the remaining aseen-
sional difference.

16. One nakshatra comprises eight hundred minutes of are. The
tithi is to be: calculated from (the longitude of) the moon lessened by (the
longitude of} the sun, by means of twelve degrees (being used as the divisor).
The time (past and to come of the moon’s conjunction with a nakshatra) is to-
be calculated by a proportion founded on the motion (of the moon); the time:
of the current tithi is to be found from a proportion founded upon the differ-
ence of motion of sun and moen.

17. The (daily) motion of the sun amounts to sixty (minutes) minus
three, three, three, three, two, one; plus one, one, one, one ; minus nought,
one, in turn.

A rough statement of the daily amount of motion of the sun during
the twelve months of the year beginning with Chaitra. The amounts stand
as follows :

57/, 57/, 57’, 57/, 58’, 59”;
61’, 61/, 61’, 61/, 60", 59",

18. In the light half of the month six degrees have to be subtracted
and in the dark half as many have to be added ; the minutes of the longitude
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of the moon lessened by the longitude of the sun have to be divided by 360 ;
the result is the karana. The remaining operations are to be performed as in

the case of the tithi.

19. The fixed karanas begin from the middle of the fourteenth tithi
of the dark half; they are called Sakuni, Chatushpada, Néga and Kimstughna.
The other karanas are moveable. (All) karanas occupy half (of a tithi).

The above two stanzas teach how to calculate the karanas, 4. e., half
lunar days. Four of the sixty karanas of the month—whose names are given
in the text—are fixed, 1. e., the four names are bound to the sccond half of the
fourteenth tithi of the dark half, to the two halves of the fifteenth of the
same half and to the first half of the first tithi of the light hall. The other
karanas are chara, moveable, 1. ¢., they recur, cight times cach, at different
places of the lunar month.—In order to find the current karana, we divide the
difference in longitude of sun and moon by 360, ¢. ¢., the number of winutes
of arc constituting one karana ; the quoticnt then indicates the numnber of the
elapsed karanas. In order however that the counting of the karanas may
uniformly begin from Bava the first moveable karana, we, before division,
deduct from the difference of longitude six degrees in the case of the light
half of the month and add six degrees to it in the case of the dark half,
Compare the table of the karanas given in Burgess-Whitney's Strya
Siddhénta, p. 287.—The caleulation of the clapsed nddikds of the karana is
analogous to that of the tithis.

20. When the sum of the longitudes of the sun and the moon plus ten
nakshatras amounts to six signs, it is called Vaidhrita; when it amounts to a
complete circle it is called Vyatipita; the time (of those conjunctures) is to be
ascertained by means of the degrees passed through by the sun and the moon,

21. When the return of the sun towards tho south (i. e., the
summer solstice) took place from the middle of Agleshd, then the ayana
was right; at the present time the ayana begins from Punarvasu.

22.  When the degrees of the ayana arc in the oppasite diregtion (i. e.,
when the precession is retrograde), and the quantity to be added to the
longitudes of sun and moon amounts to (as much as) the degrees of the sun’s
greatest declination (1. e, when the degrees of precession amount to 24);
then the Vyatipita takes place when the sum of the longitudes of sun and
moon amoynts to half a circle.
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The Vyatipata—aspect takes place when the sum of the longitudes
of sun and moon amounts to 180°; the vaidhriti-aspect when it amounts
to 360°. This definition, without any qualification, applies to the time of
the Siddhintas when there was no precession, or when—as stanza 22
expresses it—the ayana had retrograded 24 degrees from the point which
it formerly occupied, wiz., the middle of Agleshs. At the time however
when the solstice occurred at this latter point, there were 24°—or more
strictly—23° 20" precession (reckoned from the beginning of nirayana mesha)
and hence, in order to express the condition of Vaidhrita and Vyatipéta,
we should have to say: Vaidhrita occurs when

longit. sun—23° 20’ +longit. moon—23° 20’=12";

and Vyatipita when

longit. sun—23° 20"+ longit. moon-—23° 20’=6".

Rearranging the terms of these two equations of condition we have
longit. sun+longit. moon=12" 4 46° 40’

and -

longit. sun +longit. moon=6" +46° 40".

Substituting nakshatras for signs, the right side of the former equa-
tion = 8% nakshatras (the whole revolution being rejected) ; and the right side
of the latter equation =17 naksh. Now we may write for the former equation

longit. sun+longit. moon+10 naksh.=8% naksh.+10 naksh.=6";

and for the latter one

longit. sun+longit. moon+ 10 naksh. =17 naksh. + 10 naksh. =12*.

Thereby the rule given in stanza 20 explains itself. When that rule
applied, then the ayana was right, . e., agreed with therule given in stanza
20 for the determination of Vaidhrita and Vyatipita.

28. The equinox (vishuvat) occurs at the beginning of Aries and
Libra; the Shadagitimukha within the degrees of that sign which precedes
Libra (z. e. Virgo); those (degrees or) solar (days) which remain from the
Shadagitimukhas are the days of the fathers.

24, The Shada$itimukha is placed at the fourteenth degree of Virgo,
the eighteenth degree of Gemini, the twenty -second degree of Pisces and the
twenty-sixth degree of Sagittarius.
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The Shadagitimukhas are divisions of the ecliptic into ares of 86°, begin-
ning from the first point of Libra.—The sixteen degrees or solar days remain-
ing between the fourth shadagitimukha and the first point of Libra are said
to belong to the fathers, because whatever is given in them to the fathers is
imperishable (St. Si. XIV. 6).

25. The northern progress of the sun begins from the first point of
Capricorn, 5o also the solar seasons beginning with Sigira. Each season ex-
tends in time over twosigns. The southern progress of the sun begins from
Cancer.

26. The minutes of (the diameter of) the sun’s dise, multiplied by sixty
and divided by the sun’s daily motion, give the number of nidikds which
constitute the holy time on the occasion of the sun entering a newsign;
half before (the sun’s actual entrance) and half afterwards.

The samkrinti actually takes place at the moment when the sun’s
centre enters the new sign ; but the whole time from the entrance .of the
sun’s eastern limb to the entrance of the western limb is considered holy.
The proportion employed for the caleulation of the lemgth of that time
is easily intelligible.

27.  When the sun rises touching the end of a tithiand another day,
the conjunction is the one, ¢ which touches three days’; while in the case of one
day touching three tithis (we have the conjunction touching three tithis).

An esplanation of two terms conngeted with tithivriddhi and
tithihrésa. The former term refers to the casc of a tithi beginning before the
sunrise of a certain day and terminating after sunrise on the next day, so that
it ‘touches’ three sivana days. The latter term applics to the opposite ease of
«one sivana day touching three tithis.

28. Multiply the ahargana by 8 and divide by 1515 the quotient
indicates the degrees of Réhu (6. ¢., the moon’s node), to which as many
minutes have to he added as there are complete revolutions.

The above rule for caleulating the place of the moon’s node bases on
the assumption that the node moves very nearly eight degreesin 151 days,
whence it would follow that it performs a complete revolution in 6795 days.
We are however told that for each full revolution performed within the
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period of the ahargana one minute has to be added to the place resulting
from the rough process. Taking this correction into account we find that the
aceurate period of one revolution of the node is 6794 16" 27/ 29",

29. [A stanza stating a certain correction to be applied to the place of
the moon’s node as found according to the rule given in stanza 28. Apparently
twenty-five minutes have te be deducted from that place. We do not know
what is meant by the ‘vrischika-bhigdh’ of Réhu.]

30. When the moon is more advanced in longitude than the head of
Rihu and less advanced than its tail, she moves to the north of the ecliptic ;
when she is less advanced than the head and more advanced than the tail, she
moves to the south of the asura, 7. e., Rihu.

31. The moon is ninety degrees distant from Rahu when her latitude
is at its maximum, (and the latitude then amounts to) 270 minutes; (the
latitude) for other places is to be found by proportion.

32—37. [Six stanzas of obscure import. A few lines indeed lend
themselves to translation and a few emendations are obvious; but we are un-
able to elicit from the text a connected meaning. ]



CHAPTER IV.

1. The square root of the tenth part of the square of the circum-
ference—which comprises 360 parts—is the diameter. Having asswined the
four parts of the circle (¢. e. having divided it into four parts) the sinc of the
eighth part of a sign (. e. of 225”) (has to be ascertained).

2. Take the square of the Radius and call it the ‘constant’ (dhruva);
the fourth part of it is (the square) of Aries (i. c. of the sine of one sign.)
The ‘constant’ square is to be lessened by the square of Arics (4. ¢. one sign).
The square roots of the two quantities (4. e. the square of Arics and the
‘constant’ lessencd by the square of Aries) arc the sines (viz. of 30° and 60°
respectively).

3. In order to find the remaining desired (sines), take the double of
the are (whose sine you wish to find), deduct it from the quarter (of the circle),
diminish the Radius by the sine of the remainder, and add to the square of
half of that (viz. the Radius so diminished) the square of Lalf the sinc of
double (the original) arc,

4. The square root of that sum is the desired sine. The ‘constant’
square lessened by that sum (is the square) of the remaining quantity (i. ¢. of
the cosine of the given arc). Half of the ‘constant’ squarce is called (the
square of) one and a half (viz. signs 4. e. 45°).—Another method also is taught
here.

5. Lessen the Radius by the sinc of three signs (7. e. Radius) from
which (three signs) double the required are has been previously deducted, and
multiply the remainder by sixty ; the result is the squarc (of the desired sine).
By deducting that square from the square of the Radius you obtain the
square of the cosine.

The above four stanzas teach how to calculate the sines gonerally
employed in Indian astronomy.—The formula expressing the relation of the
diameter to the circumference is the usual one—The sine of 30°is half of
the chord of 60° which is equal to Radius ; the sine of 60° is found by taking
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the square root of the difference of R* and the square of sine 60°—The
method by which the other sines required are found will be understood with

Fig. 1 b d the help of figure 1. Of the arc the sine of which is
g required—let us say ab—double is taken=ac. The

¢ b f sine of this double arc=cf and the sine of the
complementary arc (cd)=ef. By deducting ef from

a ¢ the Radius we get af and by drawing from b (. e.,

the point marking the centre of the chord ac) the
line hg parallel to ¢f we halve the line,af and thus
obtain the value of ag. The line hg again is half
of cf, and ah 4. e., the desired sine=4,/ hg*+ag’.—
The sines of 60° and 30° being given, the above method can of course be
employed for finding the sine of 15°and so on.—The cosine of the given
arc—Stanza 4 goes on to say—is found by deducting the square of the sine
from the square of the Radius and taking the square root of the remainder.
The sine of 45° isequal to v 257 (the square of the chord of 90° being 2R* and
consequently the square of half that chord s. e, the sine of 45° being equal

aR?_R?
to =5 )

The so-called different method described in stanza 5 is not essentially
different from the method described before. "We are directed to multiply the
difference of the Radius and the sine of the complement of twice the given
arc by 60, the product being equal to the square of the desired sine, Now
in the abave diagram

ah’=hg*+ag’.
Now ag'= (%)'=2 and
hg (cf) cf’ ce’*—ef2
s

__ce’~(ae~af)2 2 aexaf—af?
= = I

Adding the expressions thus found for ag® and hg® we obtain

228 X a,f—-af" ae x af
- —
h + __.__.__.._. ,—-——-2 =

6, The sines in Ariesare 7; 15; 20+3=23; 20+11=31; 20+18
=38; 45; 50+3=>53; 60 minutes;



(2¢)

7. (To which have to be added in succession) 51; 403 25; 4; 34;
56; 5; 0 (seconds).

8. 'The sines in Taurus are 6; 13; 19; 24; 30; 35; 89; 43 minutes.
9. The seconds in Taurus are 40; 3; 7; 51; 13; 13; 46; 56.

10. The sines from the end of the second sign (z. e. the sines in the
third sign, Gemini) are, in minutes, 3; 65 9; 12; 13; 15; 15; 16,

11. The seconds are 42; 57; 42; 03 47; 4; 49; 5.

Stanzas 6—11 contain the table of sines calculated for the Radius
120. As generally in Indian astronomy, the arcs for which the sines are
calculated progress by 8° 457, so that twenty-four sines have to be computed
for the quadrant, each sign containing eight sines. By the minutes of the
text we have to understand one hundred and twenticths of the Radius, by
the seconds sixtieth parts of those minutes. The amounts stated for the
sines of Taurus have to be added to the last sine of Arics; so likewise the
amounts stated for Gemini to the last sine of Taurus.

The complete table of sines stands as follows i—

No. ARrcs. Sives. No. Anros. Sines.
1. 8° 45’ 7/ 51" 13. 48° 457 90" 13"
2. 7° 807 157 40" 14. 52" 307 95" 13"
3. 11° 15 28’ 25" 15, 56° 15 997 46"
4, 15° 31 4 16. 60° 103’ 56"
5. 18° 45" . 38’ 34" 17. 63° 45" 107’ 38"
6. 22° 30’ 45’ 56" 18. 67° 80 110’ 58"
7. 26° 15 58" 5" 19. 71° 15 113’ 38"
8. 30° 60’ 20. 75° 1157 56"
9. 83° 45’ 66’ 40" 21. 78° 45’ 1177 48"

10. 37° 30 78" 8" . 22. 82° 30" 119/

11. 41° 15’ 79" 7" 23. 86° 15" 119/ 45"

12, 45° 84/ 51" 24, 90° 1207 17

12. In Aries the minutes are 7, in the last sine 6; in Taurus they are
6;6;6;5;5;5;4; 4;inGemini they are 3; 3; 2; 2; 1; 1; 0; 0.
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13. In Aries the seconds are 51; 49; 45; 89; 30; 22; 9.

14.
15. In Gemini they are 42; 15; 45; 18;47; 17; 45; 16.

Stanzas 12—15 state the differences of the tabular sines. There is
manifestly a lacuna after the first part of 13 extending over the end of
13 and the former part of 14, and the preserved part of 14 seems to be
hopelessly corrupt ; but this does no great harm, as the table of the differences
of the sines can easily be drawn up from the table of sines as given above.
It stands as follows:

No.  Sives. DirFERENCES. No. Sives.  DIrrerENCES
1. 7/ 51" 7’ 51" 13. 90’ 13" 5 29"
2. 157 40" 7/ 49" 14. 95" 13" 5
3. 28725 7’ 45" 15. 997 46" 4’ 33"
4. 381 4" 7’ 89 16, 103" 56" 4’ 10"
5. 38 34" 7’ 80" 17. 107’ 38" 3’ 49"
6. 45 56" 77 29" 18. 110" 53" 8’ 15"
7. 53 5 79" 19. 118" 38" 92 45"
8. 60 6’ 55" 20. 115’ 56" 218"
9. 66”40 6’ 40" 21. 117 48" 17 47"

10. 73 8 6’ 23" 22, 119’ 1717

11. 797 6/ 4" 28. 119’ 45" 45"

12, 84’ 51" 57 44" 24, 120" 1" 16"

16. 17. 18, [Three stanzas apparently referring to the moon’s latitude,
which we are however unable to explain satisfactorily.]

19. By means of the shadow’s entering into—and passing out of—a
circle, whose diameter comprises as many angulis as the gnomon is high, the
west-east direction is ascertained ; and thereupon the north-south direction
is found by means of figures shaped like barley corns,

The above process for ascertaining the different points of the compass
is well known and requires no special elucidation. The.customary height of
the gnomon is twelve angulis. After the west-east line has been found, we
deseribe two ares of circles, taking the points where the line cuts the circle
for centres ; the line joining the points of intersection of those two-arcs is the
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north-south line. The figure formed by the two intersecting dres is by Variha
Mihira likened to a barley corn; its ordinary name “matsya” bases on its re-
semblance to the outline of the body of a fish.

20. To the square of the midday shadow of the gnomen on the day
of the equinox add 144 and take the square root of the sum. By this square
root divide the product of 120 and the equinoctial shadew ;

21. The quotient is the sine of latitude ; the arc corresponding to
that sine is the latitude.—Or else on any given day (after having gone through
the process described) add to the result the sun’s declination in the six signs
beginning with Aries, and deduct it in the six signs beginning with Libra.
The result is the latitude of the given place.

The two well known methods for ascertaining the latitude of a given
place.—The first method avails itself of the equinoctial shadow and of the
proportien

Equinoct. hypothenuse : equin, shadow=120 ¢ e. Radius: sine of
latitude.

The second method dispenses with the knowledge of the equinoctial
shadow and starts directly from the midday shadow of any given day. It
thus ascertains the sun’s zenith distance (the natidmgas), and by adding to it—
or subtracting from it in the southern hemisphere—the sun’s declination
obtains the desired latitude.

22. Deduct the sun’s declination from the latitude (in the northern
hemisphere), and add it (in the southern, hewmisphere); divide the sine of
(the remainder or the sum) by the square root of the difference of the squares
of the sine (found by the above subtraction or addition) and the Radius, and
multiply by twelve. The result is the length of the shadow at noon.

A rule for finding the length of the shadow at noon on any given day
from the latitude of the place and the sun’s declination. By either deducting
the sun’s declination from the latituderor adding it to.the latter we obtain the
sun’s zenith-distance. We then establish the proportion

Square root of difference of squares of Radius and sine of zenith-distance :
Sine of zenith-distance=12 (u. e. length of gnomon): « (3. e. length of shadow).
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23. The (sine of the) colatitude is found by taking the square root of
the difference of the squares of the Radiusand the sine of latitude.—The day-
diameter is found by doubling the square root of the difference of the
squares of the Radius and the sine of declination.

The former of these two rules teaches how to find the sine of colatitude
{lamba) or, what is the same, the cosine of latitude.—The latter rule teaches
the calculation of the day-diameter, i. ¢., in this place, the diameter of the
circle described by the sun on any day for which the sun’s declination is given.

24. The sines of declination of the sun at the end of Aries, Taurus
and Gtemini are twenty-four, forty-two and forty-eight plus twenty-four, fifteen
and forty-eight sixtieths respectively.

25. The day-diameters (at the same places) are two hundred thirty-
five, two hundred twenty-four and twe hundred nineteen; the diameters of
Taurus however and the last one (4. e. the day-diameter at the end of Gemini)
are to be increased by forty and fifteen sixtieths respectively.

The two above stanzas apply the rules given before for finding the sun’s
declination and day-diameter to the calculation of the said quantities at the
end of the different signs. The calculation is made with the Radius 120, the
greatest declination being assamed to amount to 24°. Its result is exhibited
in the following tabular statement in which the whole numbers represent
unities of which the Radius centains 120, and the fractions sixtieths of those
anities.

ARIES. TAURUS. # GEMINL
Sine of Declination. 24—2i 422 48.?5.
60 60 60
15
Day-diameter. 235 9242 2192
60 60

96. Multiply the sine of latitude by the diameter and by the sine of
declination, and divide the product by the sine’ of colatitude and the day-
diameter. Divide the minutes of the arc corresponding to the result by three.
The quotient indicates the vinAdikas of the aseensional difference.

A rule for finding the ascensional difference for any given.latitude and
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any given declination of the sun, and therefrom the respecti.ve 1ength of the
day and the night. For this purpose the so-called earth-sine (ku‘].yé) has to
be found, which is done by dividing the product of the sine of latitude and
the sine of declination by the sine of colatitude. Thereupon the sine of the
ascensional difference is found by dividing the product of the earth-sine and
the Radius by the day-radius, 4. <., half of the day-diameter found previously.
Of this sine of the ascensional difference the arc is taken. As six minutes
of arc go to one vinidik4 of time, the minutes, in order to be turned into
vinadikés, would have to be divided by six, but as, in order to determine the
true length of the day, the double ascensional difference has to be added or
deducted (according to circumstances), the divisor three is substituted for the

divisor six.

27—28. Multiply the day-diameter by the sine of half the ascensional
difference and divide by two hundred and forty ; the result is the earth-sine
(kujya). Take the square root of the sum of the squares of the earth sine
and the sine of declination, and divide by that square root the product of carth
sine and Radius. The quotient is the sine of latitude. Deduct the degrees
of latitude from ninety ; the sine of the remainder is the sine of colatitude.

A rule for finding the latitude and colatitude from the given asccn-
sional difference. At first the earth-sine is found from the ascensional differ-
ence ; the divisor is 240 ¢. ¢. 2 x 120=2 R, since the multiplier is not the day-
radius but the day-diameter. The earth-sine and the sine of declination aro
the two sides of a right-angled triangle whose hypothenuse (the measure of
awplitude ; agrd) is therefore known. A proportion is then established

Measure of amplitude : earth-sine=Radius : sine of latitude.
The complementary sine of the sine of latitude is the sine of colatitude.

29.  Of the signs beginning with Aries take the square of the sine
and of the sine of declination ; by the square root of the difference of those
squares multiply the diameter and divide by the day-diameter. Multiply
the arc (of the sine thus found) by ten ; the result are the vinddikds of the
rising of the signs.

30. Thus there are found beginning from Aries (s. e. for the three
signs-beginning with Aries) 278, 299 and 323 (as the vinddikds of rising);
further on (3. e. for the three signs Cancer, Leo, Virgo) the same quantities
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are valid in reverse order (323, 299, 278) ; and the six quantities taken in
reverse order are valid for that half (of the ecliptic) which begins with Libra.

Stanza 29 gives the rule for finding the times occupied by the in-
dividual signs of the ecliptic in rising in the right sphere. At first there is
found—from the sine of the sign of the ecliptic (reckoning from the beginning
of Aries) and the sine of declination of the end point of the sign—the sine
of that arc of the day-circle deseribed by that end poiut, which, if reduced to
terms of a great cirele, farnishes the ascensional equivalent of the sign on the
equator.  Tn ovder to eflect the reduction, the sine is multiplied by the dia-
meter (instead of the Radius) and hence divided by the day-diameter (instead
of the day-radius). The degrees of the are thus found are divided by 6 in
order to ascertain the nidikds (360°= 60 nidikds), and then wultiplied by
60 in order to give the vinddikds of rising; hence the text dircets us to
multiply the are by ten.—Stanza 30 states the numerical results of the pre-
ceding rule for cach sign of the ecliptie.

31. Three (i e., the times of rising In the right sphere of the three
first signs) are to be lessened by hall the time of ascensional difference; three
(1. ¢., the corresponding times for Cancer, Lico, Virgo) are to be inercased by
the same (amounts of ascensional difference) in the reverse order. Inthe same
lime which a sign of the celiptic occupics in rising, the seventh sign from it
goes to its sotting.

A rule for caleulating the time occupied by the signs of the ecliptic
rising in the oblique sphere, . e., in any given latitude.

32--33.  Multiply the sine of the given degrees of northern declination
by one hundred and twenty, 4. ¢., Radius and divide by the sine of latitude.
The time resulting from the are corresponding to the sine (found by the above
process) indicates the moment when the sun reaches, after sunrise, the prime
vertical.  The same time being dedueted from half a day indicates when the
sun in the westorn hemisphere (again reaches the prime vertical). The rule
does not apply when the sun is in the six signs beginning with Libra.

A rule for ascertaining the time when the sun is on the prime verti-
cal.—The samumandalaganku, 1. e., the sine of the sun’s altitude when the sun
is on the prime vertical is found by comparing two similar triangles, the
former of which is formed by the Radius, the sine of latitude and the sine of
colutitude; while the sides of the latter represent the sine of the sun’s
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altitude when the sun is on the prime vertical, the sine of the sun’s declination,
and that part of the sun’s day circle which is intercepted by the projections
of the prime vertical and the six o’clock circle. On the supposition of the
sun’s declination mot changing within ome day, the sine of altitude thus
calculated will enable us to fix that moment also when the sun again reaches
the prime vertical in the western hemisphere.

The rule has of course no application in the case of the sun having
south-declination.

34. Multiply the sine of declination by 240 and by the sine of latitude,
and divide by the sine of colatitude. Divide thereupon by the day-diameter.
The entire sixth part of the corresponding are is the quantity by which the
day is to be increased.

A rule for finding the ascensional difference, basing on the proportion
sin colat. : sin latit. =sin declin. : kujya.

The result is thereuponreduced to termsof Radius by another proportion.

5. Multiply, in the northern hemisphere, the sine of the sun’s longi-
tude by the sine of his greatest declination, and divide by the sine of latitude ;
the result are the so-called minutes of the $anku (4. e. of the sine of the
altitude of the sun when the latter is on the prime vertical); from them the
shadow of the anku is to be found.

A rule for finding the sine of the altitade of the sun when the latter i
on the prime vertical.—The first step is to find the sun’s declination for the
given time ; this is done by means of the proportion

Radius : sin greatest declin. = sin sun’s longit : sin declin.

Thereupon the anku is found by comparing the two similar triangles
of which the one is formed by the Radius, the sinc of latitude and the sine
of colatitude ; and the other by the $aiku, the sine of declination and that
part of the sun’s day circle which is intercepted by the prime vertical and the
six o’clock circle,

"The propertion established is :
sin Jatit. : Radius=sin declin: : ganku,
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Combining the two proportions we get

oy ey — R2d X 8in great. declin, x sin longit. __sin great. declin. x sin longit:
Sanku= sin latit.xRad  ©  sinlatits

Therefrom the shadow of the gnomon at the moment. when the sun.
is on the prime vertical may be found without difficulty.

36.. That person, who determines the moment at which the sun,
crosses tho: prime- vertical and who is able to produce general confidence in his
caleulations, thoroughly understands the theory of the sun.

37. “If the sun performs one complete revolution in a year, how
muceh does he accomplish in a given number of days?” Such like caleulations
even an ignorant fellow can: easily perform by means of lines drawn. with a
picee of chalk.

38.  When the shadow of the gnomon completely coincides with the
cast-west ling in-a cirele in which, the directions have been marked, then the
sun is on the prime vertical.

39. Multiply the Radius by the given sine of diclination, and divide-
by the sine of colatitude; the degrees of the result indicate the distance
from, the cast-west ling at which the sun rises or sets (on,the given day).

A, rule for caleulating the sine of amplitude (the so-called agrd), founded:
on the proportion

sin colat. : R=sin declin. : sin amplit.

40.  Multiply the sine of declination by 120 and divide by that (4. ¢.
by the sine of amplitude as found in 1'14) ; the result is the sine of colatitude.
Deduet the are corresponding to that sine from 90 ; the remainder are the
degrees of terrestrial lutitude.

A rule for finding the terrestrial latitude, the sine of amplitude being
given.  The proportion is

sin.ampl. : sin.decl. =R : sin colat.

41, Take the twentieth part of the vinidikds to wliich the ascensional!
difference at the given time amounts, and put it down in two places. Ac-
cording as the sun has northern. or southern declination, deduct that twentieth
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part from—or add it to—the given nidikds (s e. the n4dikds which at the
given time have elapsed since sunrise) multiplied by six.

42. The sine of the remainder (resp. the sum) is to be inercased or
diminished by'the sine of the twentieth part (mentioned above), according as
the sun has nothern or southern declination. Of the nidikds multiplied by
six take the sine without applying (to the said nidikds) any correction.

43, Multiply the sine thus calculated (. e. the sine of the remainder,
increased or diminished in the way taught in 42) by the product of the day-
diameter and the sine of colatitude, and divide by 28800. The quotient
indicates the minutes of the sun’s altitude.

44. Deduct the square of those minutes from 14400, and take the
square root of the remainder. Multiply the squarc root by 12, and divide by
the minutes of the altitude. The result is the shadow.

A rule for finding the length of the shadow at a given time.—The
first step is to find the degrees of the asconsiomal difference which above
was determined in terms of vinidikis. The vinddikis divided by 60 give
the nidikds, and as the ascensional difference had above been taken double
(in order to determine the length of the day), 120 is substituted as divisor for
60. Six degrees going to one nfdikd, the final expression for the degrees of'
the ascensional difference is:

Vintd. x 6 __ Vinad.
2x60 20"

The given nidikés (. e. the nadikAs which have elapsed from sunrise) are
thereupon multiplied by six, whereby the number of correrponding degrees
is found, and the degrees of ascensional difference as found above are deduct-
ed from them in the case of northern declination, and added in the case of'
southern declination,

The sine of the arc so determined is technically called ¢sitra™ (cp.
Siddhénta Siromani, Tripraénddhikdra, 54). Thissdtraincreased by the sine of
ascensional difference in the northern hemisphere—and diminished by it in
the southern hemisphere—gives the sine technically called ishta antyd.
From it is found the so-called ishta hriti, 4. e., the perpendicular from the sun
to the udayésta stitra, 1. e., the line joining the poeints in whieh the sun rises
and sets. (The ishta hriti represents the sum or difference of the sines of
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two arcs, viz., that arc of the day cirele which is intercepted by the sun and
the six o’clock cirele, and that are which is intercepted by the six o’clock cirele
and the horizon).

The proportion employed is as follows :

Rad: antyda=1Rad. of day circle: hriti.

antyd x dynjyd __ antyi x 2 dyujyd
240

s hriti= g =

In ovder to find therelrom the sine of the san’s altitude the following
proportion is employed

Rad : sin colat. = hriti : sin alt.

R __oautyax 2 dynjydasin colat.
Sosinalt. = =550 05 desn

Taking the right angled triangle of which the Radius is  the
hypothenuse and the sine of altitude one side, we find the other side which
is equal to the sine of the zenith-distance, the so-called drigjyi :

drigjyi =/ Rad* = sin altit.* =4 14100 Zsin alt’

We then finally establish on two shmilar trianeles the proportion
g prog

<in alt s sin zenith distance==12 1. ., gnomon : shadow.

45, Take the square root of the sum of the squares of the shadow and
of twelve s multiply it by the sine of colatitude, and by the product divide
172500 ; the quotient is called the first sine (prathana-jivi).

46, Multiply the sine of latitwde by the (sun’s) sine of deelination
of that day and divide by the sine of colatitude: put the result down
separately.  Deduet it from the firstsin, if the sun has northern declination ;
add ity 3t hie has southern deelination,

47. Multiply the first sine so modified, and the xine which had been
put down separately, by 240, and divide by the double day-radius ; the two
corresponding ares have to be added to each other if the sun has northern
declination; while they have to be deducted in the case of southern decli-
nation.  The resulting degrees divided by six give the nidikds,
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A rule for finding the time of the day from the length of the shadow.
The hypothenuse of the shadow having been found, the following proportion
is established
hyp. shad.: 12=TRad: sin altit.

Thereupon the following proportion

sin colat. : Rad =sin altit. : hriti.

The sine which commonly is called hriti (see above) iy by Variha
Mihira called prathamajyd. 1ts value is expressed by the following formula
12RAE__ 12x(1200 172400

s oA 2 . e ) .
pra‘tha‘ma‘Jy 4= byp. shad. x sin eolat. ™ hyp. shad. X sin colat. ~ hyp shad. x xin colat.

Next the earth-sine is caleulated by the following proportion

sin colat. : sin lat.=sin decl : carth sine

By deducting the earth sine from the prathama jivA in the northern
hemisphere—and adding it in the southern hemisphere—we get the sine of that
arc of the day circle which intervenes between the unmandala-cirele and the
place of the sun (which sine is commonly called kald ; cp. Siddh Sir. as above.
The so-called kalé and the earth-sine arc thercupon reduced, in the ordinary
way, to the dimensions of a great circle, and we thus obtain the so-called
sitra-sine (see above) and the sinc of ascensional difference. We take
the arcs of both these sines and add them to cach other in the northern
hemisphere; while we deduct the latter from the former in the southern
hemisphere. By dividing the sumw—or difference—Dy six, we obtain the
nidikds during which the sun has been above the horizon,

48.  Or else multiply the measure of the day by six, and divide by
the angulis of the shadow, after having added to them 12 and subtracted
from them the angulis of the midday-shadow. The result are, in the castern
hemisphere, the nddikds which have elapsed since sunrise, in the western
hemisphere, the ndikis remaining till sunset.

Another rule for finding the time, basing on the observation that, when
the equation

given shadow + 12 —noon shad. =12, holds good, the time is midday.

How many nidikds then will have elapsed since sunrise, if the left side
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of the equation is equal to any given number, viz., the given length of the
shadow at any time *—The resulting formula is

mx%l

AT A o — 6 x day
nv‘idlk""s ™ 12+given shad. —noon shad. 12+ given shad. ~noon shad.

49. Multiply the mcasure of the day by six, and divide by the given
nidikfs ; lessen the quoticut by twelve and add the midday-shadow. The
result is the shadow due to the sun (at the given time).

The above rule for finding the length of the shadow for any given
time is mercly the reversal of the rule given in stanza 48.  From the formula
given there we derive

nidikds (12 4+ shad. —noon shad.) = 6 x measurc of day

- _ 0x meas. of dny . \ )
soshad.="="0 0 == —12 +noon shad

50. The observed nidikds are to be increased—or else diminished—
by the nddikds of the rising of the moon, according as it is day or night; by
means of them the shadow of the moon is to be caleulated in the same way
as that of the sum

A rule for ascertaining  the length of the shadow due to the moon, —
In the case of the moon rising before the sun the nidikds, which have clapsed
between her rising and the rising of the sun, have to be added to the observed
nadikas, @ e., the nidikds which intervene hetween sunrise and the moment
for which the length of the shadow is required.

51, According to the methods suceessively tanght for the caleulation
of the nadikis of ascensional difference, cte., the day-cirele, declination and so
ou have to be ascertained (for the moon also) ; the previous rules apply also
to her setting. The corresponding items for the other planets may be

ascertained by appropriate reasoning.

59. 53. 54. Multiply the Radius by twelve, and divide by the square
root of the sum of the squares of the shadow and of twelve. Multiply the
result by the sine of latitude and divide by the sine of colatitude.—Again
multiply the sine of greatest declination by the sine of the sun’s longitude
divided by the sine of colatitude ; the result is the sine of the sun’s amplitude.—
Deduct from the latter sine the result obtained above in the case of the sun
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having northern declination, and add it in the case of southern declination ;
multiply the difference (resp. sum) by the hypothenuse of the shadow, and
divide by the Radius; the resulting angulis are the koti (perpendicular).
The square root of the difference of the squares of the koti and the shadow is
the bahu (base).—In fixing the directions the bahu is even (i. ¢. coincides with
the east-west line), and at right angles to the koti.

A rule for finding the distance of the base of the gnomon (or clse the
distance of the end of the shadow) from the east-west line.—At first the sine
of the sun’s altitude is found by means of the following proportion

hypoth. shad. : 12=Rad : sin alt.

From this the base of the sun’s altitude is found by means of the fol-
lowing proportion

gin colat. : sin lat, =sin alt.: basge alt.

Thereupon the sun's sine of declination for the given time is caleu-
lated by means of the proportion

Radius ; sin great, declin.=sin sun’s longit. ; sun’s sin declin,

and therefrom the sun’s sinc of amplitude by the following proportion

sin colat, : Rad.=sin deelin. : sin ampl,

The expression for the latter therefore is

. __ 6in lat. X sin great. decl. Rad sin lat. % 8in great. daclin
S o T — hbatiiabitl e s e s, st
. &Illpl Rad. sin colat. ™™ sin colat. "

We thereupon take, in the northorn hemisphere, the difforence of the
sine of amplitude and the base of altitude—and the sum of the two in the
southern hemisphere—, and thus obtain the distance of the baso of the perpen-
dicular, representing the altitude, from the cast-west line. In order to redace
this distance to the terms of the small garku, 1, e, the gnomon, the following
proportion is established

Rad ; dist.=hyp. shad.; bhuja;

the bhuja thus found being the distance of the base of the gnomon
from the east-west line. This distance, ordinarily called bhuja, is by Variha
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Mihira called koti. It being here defined as the interval between the base of
the gnomon and the east-west line, the presupposition is that the gnomon
is so placed that the end of the shadow falls on the central point formed by
the interscetion of the east-west and the north-south line. If on the other
hand the gnomon occupies the central point, the koti (or bhuja) is the
interval between the end of the shadow and the east-west line.

55. Multiply the Radius by the interval between the shadow and the
east-west line (4. e. by the koti=bhuja found above), and divide by the
hypothenuse of the shadow. Of this result there has to be taken the difference
(from the result found above, oz, the base of the suww’s altitude), if there is
sameness (2. ¢, if the bhuja of the §anku and the base of the sun’s altitude are
hoth measured in the same direction) ; while the sum has to be taken, if there
is difference (4 e, if one of the mentioned quantities is to e measured from
the north to the south, and the other from ‘the south to the north). The
result is the sine of the sun’s amplitude.

56,  Multiply the latter sine by the sine of colatitude, and divide hy
the sine of greatest deelination ; the result is the sine of the sun’s longitude.—
According to the rules here given for the sun the corresponding  ealeulations
have to be made for the other plancts also.

The above rule for ealeulating the sun’s longitude from the observed
koti (=Dbhuja) 2 e, the distance of the point of the shadow from the cast-
west line at a given moment is simply the reverse of the preceding rule.—The
expression for the sine of the sun’s longitude is as follows

sin ampl. x sin eolat, Rad, sin ampl, xsin colat,
stk A :

An Ionglt. = Kad, s great, dozl ™ hin groat, déclin,” *



CHAPTER V.
Ox e Moon’s BECOMING VISIBLE.

1. .Take on the one hand the sum, and on the other hand the differ-
ence, of the distance of sun and moon and the difference of their declinations ;
multiply the two quantities thus obtained and take the square root of the
product. Divide by that product the difference of the declinations, which
previously has been multiplied by the latitude of the moon.

2. The result has to be deducted from the interval of sun and
moon, if the moon’s latitude has the same diveetion as the difforence of the
declinations ; in the opposite case the result has to be added.  In the ease
of the morning-twilight the directions as to adding and subtracting have to
be reversed.

8. Ifthat (corrected interval of sun and moon) rises in two nadikis,
3 . > . « - 0
which we infer from the seventh sign of the ecliptic—counting from  the
sun— ; then, the sky being clear, the moon is seen by nien.

A rule for determining the distance from the sun at which the moon

Fig. 2. becomes visible after new moon. Lot (tig. 2) 198 represent
a segment of the Ecliptic, in which § is the plice of the
sun and B the point in which the moow’s cirele of latitude
cuts the ecliptic.  The moon’s place v m. B Bisa ey
ment of the day circle—parallel to the Equator—deseribed
by the point I of the Ecliptic; B S a segwent of the sun's
circle of declination ; md a segment of the moow’s cirele of
declination.  Treating all the arcs as straight liues, wo
have in the right angled triangle B B 8

\
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EB=y/ES-B S=v/(ES+BS/(ES-BY)

Now BS and md being parallel, the angles ESBand md E are
equal, and hence the two right angled triangles are similar.  We thence find
by proportion

B SxEwm
Ed = — 5=

By the amount of Ed so found the distance of the moon from the sun
in the celiptic has to be corrected.  Tod has to be deducted in case of the
moon’s latitude and the difference of the declinations of the two bodies
Laving the same direction ; while it has to be added in the opposite casc.—
The moon is first seen when her corrected distance from the sun amounts o
so much that it sets —or, what is the same, that an cqually large piece of
that sign of the Heliptic, that is seventh from the sign in which the sun is
at the time, rises—in two nadikds.

4. (The text and meaning of the first half of this stanza is doubtful ;
it possibly contains a remark of an astrological character, as explained in the
Sanskrit—Commentary).

The twelfth part of the hypothenuse represents the illumined part of
the moon ; it is to be laid off in the direetion of the base,

By the hypothenuse we have to understand the interval between sun
and moon as in figure 2. The moon’s diameter is supposed to be divided
into fifteen angulis all of which are illumined when the moon is in opposition,

e, at the distanee of 180” from the sun.  Henee the formula

15 x hyp. __hyp,

Iumined part =" [ " ="

5. The perpendienlar is constituted by the difference of the decling-

tions (of sun and moon) and of the latitude : of which two quantitics the sum
has to be taken if their direction is the same, otherwise the difference. The
hypothenuse is the interval hetween sun and moon. The square root of the
difference of the squares of those two sides is the basc.

6. Let the perpendicular be laid off in that direetion in which the
sun i3 with regard to the moon, one degree being supposed equal to one
anguli; in the same way the base and the bypothenuse are to be laid off
with angulis.



(40 )

7. First lay off the hypothenuse from the centre of the moon ; then
from the hypothenuse the perpendicular ; then the base in the dircetion of the
moon’s centre. This base is called aksha (axis) on the moon’s circumnfercnce.
Measure out the illumined part from the middle (2. e, the hypothenuse which
divides the moon into two halves) ; it has the shape of a bow.

Directions how to draw a diagram of the illumined part of the wmoon,

Fig. 3. which are immediatcly intelligible from
¢ figure 3, in which S represents the suw’s

place and m the centre of the moon.  The
line mh, which ordinarily is called koti,

w Variha Mihira calls Dhuja, and h S which
7 ordinarily is called bhuja he ealls koti.  The
o b llummined part of the moon s abe;  the

angulis which determine the amount of the
Hlumination are measured off on the dia-
meter b from the point b,

hL

8. Multiply (the moon’s) southern or northern latitude by the
equinoctial shadow, and divide by 12. The resulting degrees e, in the cuse
of the moon’s rising, to be added (if the latitude is southern), and to he

deducted (if the latitude is northern) ; the reverse has to be done at the time
of setting.

9. From the longitude of the sun lessened by that of the moon
(ascertain the number of the intervening signs) ; according as they are less or
more than six, the rising of the moon has to be determined as taking place
during the day or during the night, owing to the rising of the sun.

10.  Having thus (i. ¢, in the way indicated in stanza 8) performed the
subtraction or addition, deduct the moon’s longitude, lessened by that of the
sun, from half the circle ; in the time (reckoned frow sunrise) equal to the time
of the rising of the remaining signs the moon goes to her sctting.

. The .above are rules for finding the time of the moon's rising and
setting. —First there is given a rule for the so-called drik-karman, which
however neglects the dyana-drik-karman, and limits itself to the aksha-drik-
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karman, 4. ¢., that operation by which there is determined that point of the
celiptic, together with which a planet having latitude rises in a given terres-
Fig. 4 trial latitude. In figure 4 E L B re-
P presents an arc of the Eeliptic, Lm H

the horizon, m the moon’s true place,

E ity place in the Eecliptic to which it

L " qpis referred—in the Indian faghion—hy
means of a circle of declination, L that
E point of the Ecliptic which rises to-
gether with the moon. In order to

> B

determine B 1, we look upon the triangle Em L as a planc one, in which the
angle B T, is equal to the terrestrial latitude, and its complement m L E to

the colatitude.  We then establish the proportion
EL: sin latit.=Em: sin colatit.

N _sinlat. xTm
S EL= gin colat. °

3 H Eqnin. shad, o sinlab.
Sub&tltutmg 12 (2 noton) for sin colat.'?

we finally obtain

_moon's_lat, x equin._shad.
E L ——- —— 12 .

The amount so found is added to, or deduected from, the moon’s
longitude, according as the moon has southern or northern declination.—

Stanzas 9 and 10 present no difficulties,



CHAPTER VI.

Lunar Ecripses (ACCORDING To THE PAvrisa SippuAnta.)

1. From the nidikds of the tithi, which, taking sunrise as the
starting point, have elapsed or are yet to come, the corresponding minutes
of motion of the moon have to be caleulated. They are to be deducted from
the moon’s place (in case of the full moon tithi having terminated before
sunrise), and we thus obtain the place of the moon at that time (i. ¢., the
time of the termination of the full moou tithi, « e., the time of opposition) ;
while in the opposite case the minutes have to be added.

There is some corruption in the last line of the text of the stanza ;
but there can be no doubt about the general meaning.  The longitude of the
moon had hitherto been calculated for sunrise; now, when the diseussion of
lunar eclipses begins, it becomes requisite to find it for the moment ot
opposition, 4. ¢, the end of the tithi of full moon. According as that moment
precedes or follows the sunrise for which the moon’s longitude had been found,
the latter has to be diminished or increased by the amount of the moon's
motion during the interval.

2. Deduct from the longitude of Rihu twenty-six minutes, and
thereupon take the degrees intervening between Rihu and the moon, [f
these degrees are within thirteen, there is an eclipse; if within fifteen, there is
the shadow of an eclipse.

3. Deduet the square of the minutes of the moon’s latitude from
the square of fifty-five, and take the square root of the remainder. Doubling
it and operating upon it in the manner of the tithi, we find the time of the
duration of the eclipse.

4. Lessen thirteen by the degrees of the interval between the moon
and Rahu, and multiply by five ; the result taken as vinadikds is to be added
to the duration of the eclipse in the case of Rihu being more advanced in
longitude than the moon ; otherwise it is to be deducted,
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The former half of stanza 2 refers back to the rule given in ITI. 29
concerning the place of the moon’s node. Its latter half states the lunar
ecliptic limits. By the expression ‘shadow of an eclipse’ we apparently have
to understand a quasi-eclipse, 4. ¢., the diminution of the moon’s light by the
penumbra (7)

Stanza 3 caleulates the duration of the eclipse from the line 1 C

Fig. 5. (fig. 5) which itself is determined as
one of the sides of a right angled
triangle of which m] 4. e., the lati-

l tude of the moon at the moment of

T~ contact with the shadow is the other

\ > side, and mC 4. e, the sum of the
N ¥ radii of the moon and the shadow the

/ hypothenuse. Seventeen minutes are
taken for the mean value of the moon’s

¢ i radius, and thirty-eight for the mean
value of the radius of the shadow ;

the sum of these two quantities

amounts to fifty-five. The time which

/ the moon takes in passing—by means

- of the difference of the motions of sun

i . »
’ and moon—along 1C is half of the

total duration of the eclipse. This time is found by a proportion similar to
that cmployed for finding the nidikds, past and to come, of a tithi, viz.

Minutes of diff. of wmotions : 60 nid.=double the minutes of 1C:

duration of eclipse.

To the duration so found stanza 4 direets us to apply a correetion

whose rationale we are however unable to assign.

5. By five, diminished by the degrees of interval (between the
moon and her node), let ten be diminisbed and wultiplied, then multiply by
four, take the square root and multiply the latter by twenty-one; the fifth
part of the result indicates the winutes of total obscuration.

A rule for caleulating the time of complete obscuration during a total
eclipse of the moon.—The quantity to be calculated first is the latitude of
the moon at the moment when complete obscuration begins, For this purpose
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the sine of the degrees intervening between the moon and the node is
caleulated, according to the formula: mne—?l—i—]flg—g—iiei (21 being the sine of
10 degrees if the Radius=120, and ten degrees being introduced into the
formula, because in the case of a total eclipse the interval between moon
and node must be less than 10 degrees.) The sine of latitude is then
calculated on the assumption of the moon’s greatest latitude amounting to
240/, whence the proportion

. . . 1 .
Radius : sin great. latit, =221 sin lat,
. 240 x 21 x_degrees _ 21 x degrees,
. sin lat =55 — = 5

Having thus found m'l’ (fig. 5) we have

IC=1" m'C =mT"- 'l”-—‘/(Ct tm) 'xdegr.‘

=\/(38-- 17)“-——(2215)2 x degr.!= R /05-—dotrr
= 2L/ (F=degr)(5 +degr) = I\ [— dogr. JT10= (5 =deir,)

Multiplying this last expression by two, in order to find the whole
duration of total obscuration, we finally have :

Minutes of total obseuration

2w v/ T5 ~ degr.] [10~ (5 —degr.) ]

=2/ {5 ~dogr.] [10— (5~ dogr.)]

6. Within a time equal to the difference of half the duration of the
eclipse and half the period of total obscuration the shadow swallows the whole
moon.—The direction of the contact and the separation is to be determined
by means of the degrees of the interval between the moon and the node.

7. That direction is opposite to the direction of the maoon’s latitude.
Divide the quadrant of the moow’s circumference into thirteen parts, and
from the east-point lay off the degrecs of the direction of the celipse (0. e.,
the degrees of the valana or deflection), At the point thus determined
the parvan, 1. e., the beginning of the eclipse takes place.

8. Multiply the degrees of terrestrial latitude by a quarter of the
moon’s circumference, and again by the degrees intervening between the
moon and the zenith, and divide by 8100; the result is the deflection
(valana) which is north in the eastern hemisphere, south in the western one,
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A rule for calculating the socalled 4ksha valana, 1. e., the deflection
due to latitude (the dyana valana being altogether neglected). The rule
given in stanza 8 for the dksha valana is based on the proportion: If 90°
zenith-distance give a deflection equal to the terrestrial latitude, how much do
the given degrees of zenith distance give %—This is combined with the further
proportion: If 90° give an arc equal to one quarter of the moon’s circum-
ference, how much do the calculated degrees of deflection give ?—The
resulting formula for the arc of deficetion to be laid off on the moon’s
circumference is

—zenith dist.  x latit, x } cireumf. of moon
Are= 90 x 008100, i
We do not know the reason for the dircetion—eiven in stanza 7—
o
to divide cach quarter of the circumference into thirteen parts.

9. During a total cclipse dark yellow is to be declared the peculiar
colour of the moon; her eolour is dusky in the case of celipses taking place during
the rising or setting of the moon ; and watcerish in the case of partial eclipses.

10, [A stanza of doubtful import ; see the Sanskrit Commentary. |

11, Deseribe in one place (i. e. from one centre) three cireles, one, wiz.,
the moon’s cirele with a string measured by seventeen minutes, a seeond one, iz.,
theeirele of the shadow with a string of thirty-cight minutes, and a third one, eiz.,
theciveleof duration with a string cqualinlength to the sumof the two quantities.

12, (Ascertain) by means of the degroos (of deflection) to be laid off
in the direction stated above tho vast and west-line of Tanka, and draw on
both sides of it thirteen long lines, at equal distances from one another.

13. This is a coneise doseription of the projection of a lunar eclipse,
the details of whieh ave to be known from explanation.  The first contact,
the complete obsearation and the duration are  there seen  through

appropriate constrictions,

(4. In a lunar edlipsu the woon is seon to touch the shadow of the
oarth from the west-side; in the same way she touches, in a solar celipse,
the sun from the west-side; henee the eastorn part of the moon is first

touched, but not that of the sun.
Stanzas 11-13 contain some rather general directions how to draw

the projection of & lunar celipse, on the ground of the dksha valana previously
caleulated.  Compare the Sanskrit Cowmentary.



CHAPTER VII.

Sorar EcLipses, ACCORDING To THE PAVLISA SIDDHANTA.

1. As many nidikis as there remain until midday (from the time of
conjunction), or as many as have elapsed since midday, have to be multiplicd
by six. The thirtieth part of the corresponding sine is the bending”
(displacement) of the tithi (i. e. the parallax in longitude).

A rule for caleulating the parallax in longitude. We ascertain the
hour angle (multiplying the given nidikis by 6, six degrees going to cach
nidika), and establish the following proportion :

Radius : greatest parallax=sin hour angle : desired parallax.

The greatest parallax being assumed cqual to the mean motion
during four nidikis, we thus have :

s . —4 % sin hour angle __ sin hour anglo
Desired parallax =" 27 wonrnele w0

2—4. [Three stanzas of doubtful import.)

5. Deduct twenty-six minutes from the longitude of Rihu, and take
the degrees intervening between Rahu and the moon, If they are within
thirteen, there takes place an eclipse of the moon; and an eelipse of the
sun, if they are within eight.

A stanza agrreeing, as far as lunar eclipses arc coneerned, in contents
and enunciation with stanza 2 of chapter VI.

6. Deduet, in the ease of the moon, the square of the degrees of
the interval from 169, in the case of the sun from 64 ; the square roots of the
remainders minus their fourth parts indicate the duration of the lunar and
solar eclipses.
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If we calculate the moon’s latitude at the moment, when complete
obscuration begins, in the manner taught in stanza 5 of the preceding chapter,
with the one difference of making the greatest latitude equal to 270 (not 240)
minutes, we obtain

latitude = 270 x 2 x degrees of interval
1907
270 x 2 x degrees__ 9 xdegrees .
= = (approximately).

By means of the latitude so found, and assuming half the sum of the
diameters of moon and shadow to be equal to 58 minutes, we find—in the
customary manner

Measure of half duration of eclipse=1""58"—IaGit.*

: X 9 58 N
=‘/58’—-i1 (degrees of interval =, ‘/(“8 %) —degrees *

i
= z-\/lii’ — degrees® (approximately).

Tn order to find from the latter expression the whole duration of the

ecclipse in terms of nadikds, we multiply it by 2x60, and divide by the

difference of the daily motions of sun and moon, when we obtain :

S s s e s

- Dimene 2X9X60 4 /g T
duration of eclipse="\7=, 69 — degrees*=

HEE) ey, 3 T
7 v 169 —degreest=, V169 — degrecs’.
In the case of a solar cclipse we find by an analogous process, and

assutning half the sum of the diameters of sun and moon to he equal to
35 minutes :

Measure of half the eclipse= \/35’—--841 X 'dmegrue;;
[} FwNe T 9 .
= 2\/(3 . 2)’-dcgroos‘ =V 64 ~degrees® (approximate) ¥):

And for the duration of the whole celipse in nAdikds

. 2x 9% 60 na
Duration= "y s’ /64 —degrees*

=} v/64 ~degrees' (approximately).



CHAPTER VIIL

Sorar ECLIPSES, ACCORDING TO THE ROMaKA SIDDHANTA.

1. Multiply the ahargana by 150, deduet 65, and divide by 54787 ;
the result is the mean longitude of the sun in duc suceession (i e. revolutions,
signs, ete.), according to the Rowmaka-Siddhinta.

This rule follows immediately from the nature of the yuga acknowledged
by the Romaka SiddhAnta, as described in L 15, Instead of mﬁ)‘;%s the
reduced fraction 5—1?—27 is cmployed. Sixvy-five is the kshepa—quantity

enabling the calculations to start from the epoch chosen.

2. The operation of finding the truc places of the sun and the
moon is performed by means of the quantities (about to be stated) measured
for half signs of the anomaly of sun and wmoon, and arranged in dircet as
well as inverse order. Of the sun (the mean longitude) has to be deducted
from half of Gemini, 4. e., from two and a half signs.

The Romaka Siddhénta calculates the equation of eentre of the sun and
moon for each half sign, 4. e., progressing from 15 to 15 degrees. The six
quantities thus obtained for the first quarter of the circle are employed for
the second quarter in the inverse order and so on.—In order to obtain the
kendra, 4. e., the anomaly of the sun we have to take the difference of his
wmean longitude and of the longitude of his apogee, which is estimated at 2}
signs =75

8. Twentyincreased in succession by fifteen, fourteen, ten and four, and
diminished by six and fourteen are the minutes (which added up in succession
give the amounts of the equation for 15° 30° 45° ete). Eighteen and five
seconds have to be deducted (from the first and second quantities) ; (to the
four others) two, ten, sixteen, eighteen seconds have to be added.

The six quantities indicated in the above stanza stand as follows
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34’ 42"; 38’ 55”; 30/ 2"; 24/ 10"; 14’ 16"; 6 18";

which added up give the following equations

Anomaly 15° 30° 45° I 60° l 75° 90°

Equation w. | 84742 | 68377 | 98'39" | 122'49” | 137 5" | 143 28"

4. Multiply the ahargana by 38900, deduct 1984, and divide by
1040953 ; the quotient indicates the mean longitude of the moon.

This rule follows immediately from the constitution of the yuga
assumed in the Romaka Siddhéinta (excepting the kshepa quantity).

5. Multiply the ahargana by 110, add 609, and divide by 3031, the
quoticnt gives the position of the moon’s kendra at sunset in Avanti.

The assumption here is. that the kendra of the moon performs 110
revolutions in 3031 shvana days or, in other words, that the latter period
contains 110 anomalistic months.

6. One degree plus 14, 11 and 2 (minutes); four times eighteen (i. .,
seventy-two) lessened by eight times three (24); five times six (30); and
sixty minus eight times six (12). The last two quantitics arc to be lessened
by one.

A statement of the differences of the moon’s equation of the eentre,
taken from fifteen to fifteen degrees. By adding up the stated quantities we
obtain the following table

Anomaly 15° 30° 45 ‘ 60° 7% l 90°

Equation. o | 1014 2 25 3 o7 4 15 I 4° 44 4" 56’

7. The daily motion of the moon amounts to 790 minutes, that of
the moon's anomaly to 784. By taking the difference of the true motions
(on two consecutive days) we obtain the past true duily motion, as well
as the one during the coming night (i. e. nychthemeron).
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8. Multiply the ahargana by 24, add 56266 and divide by 163111;
the result is the successive position (in revolutions, signs, etc.) of the head of
Rahu (5. e., the moon’s ascending node), reckoning backwards from the end
of Pisces (=first point of Aries).

Twenty-four revolutions of the node —whose movement is retrograde —
are supposed to take place in 163111 sivana days.

9. Asmany nidikis as there remain until midday, or else as many
nidikds as have elapsed since midday, are to be multiplied by six. The
thirtieth part of the corresponding sine is the displacement of the tithi,
(v. e., the parallax in longitude).

A rule literally agreeing with the corresponding rule of the Paulida
Siddhénta (VII. 1).

10. And from the nidikis which have elapsed since sunrise caleulate
the orient ecliptic point; from the latter plus nine signs (. e., from the point
called vitribha or tribhona) ascertain the degrees of declination.

A rule for finding the highest point of the ccliptic, the so-called
tribhona or vitribha, whose longitude is loss by three—or more by nine—
signs than that of the orient ecliptic point.—In order to find the zenith
distance of that point we have at first to determine its declination.

11. Multiply the sine of the difference of the oriont ecliptic point,
of three and of the node by two, and divide by sixty. The result in degrees
is to be deducted from the declination (calculated above) if the directions of
the two are opposite; while the two are to be added, if the result (and the
deelination) have the same direction,

12, If northern, (the declination so corrected) deducted from the
terrestrial latitude—and, if southern, added to it—is to be considered as the
southern (zenith distance of the tribhona) ; while if northern and greater than
the terrestrial latitude it is to be viewed as northern (zenith distance).

A process preliminary to the calculation of the parallax in latitude.
What we require—and what generally is ascertained in Hindy Astronomy
to that end—is the zenith distance of that point of the ecliptic which has
the greatest altitude (which point is called vitribha or tribhona); the sine
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Fig. 6. of which distance is tech-
L_ nically called drikkshepa

el (T Z in figure 6 ; in which

a figure A C is the Ecliptic,

A P a ¢ the moon’s orbit, and

P’ Z T D the projection
of a great circle passing
through the pole of the
Ecliptic, the zenith and

- N z b E the tribhona T, and cut-
T $ ting the moon’s orbit in
XN t).
Wi

The Romaka Siddhinta however makes the amount of the parallax
of latitude to depend not on the drikkshepa, but on the sine of t Z. In order
to calculate this latter quantity it at first caleulates t T. There having been
ascertained d T 4. «., the interval between the tribhona and the moon’s node,
the following proportion is established

Rad : sin greatest latit. of moon=sin d T : sin t T.

The greatest latitude being assumed equal to 240, we have

. U X HindT )
sin t T="—=2sind T.

The resulting minutes are turned into degrees by being divided by sixty.

To t T so found T Z ought to be added in order to find the zenith
distance of t; but instead of T Z there is taken I.Z which is known from the
declination of I and the terrestrial latitude.

13. Multiply the daily motion of the moon by the sine of that
(zenith distance as found above), and divide by 1800; the result is the
parallax in latitude. The mean measure of the sunis thirty minutes, that
of the moon thirty-four,
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14. Multiply the sine of the distance of the moon, which (at the
moment of conjunction) has the same longitude (with the sun), from the node
by twenty-one and divide by nine; take the sum of the result and of the
parallax in latitude, if there is sameness of direction ; and the differcnce of

the two, if there is opposition.

Rules for finding the parallax in latitude and the moon’s true latitude.
The rule for finding the parallax is founded on the supposition that the
greatest parallax is equal to the fifteenth part of the wmoou’s daily motion;
we therefore have the proportion

. daily motio . . . .
Radius : = =sin zenith distanee of tribhona : parallax

. __ daily motion x sin gzen. dist.
2. Parallax= 5% 120"

In order to find the latitude of the moon we at first establish the
proportion

Radius: sine of greatest latitude (=270°)=given sine of moon’s
distance from node : desired latitude.

We therefore have

-, 270 xsin distance __ 27 x sin dist. __ 21 x zin dist, _ 21 x ain dist. .
Latit= W = SxE = Sxixal = —gx3 (approximately).
27

By increasing or diminishing the latitude so found by the parallax
found above we obtain the true latitude.

15. Multiply the true motion of the sun and the moon by their
mean measure, and divide by the mean motion ; the result is the true measure
in minutes, of the two bodies at the given time. ,

16. Deduct the square of the avanati (z. e. the latitude of the moon
as corrected for parallax of latitude) from the square of half the sum of the
measure of sun and moon. From the double square root of the remainder
determine the time (of the eclipse), as in the case (of the calculation) of the
elapsed portion of a tithi.
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A rule for determining the duration of the eclipse. We at first take
the right angled triangle of which half the sum of the diameters of sun and
moon forms the hypothenuse, and the moon’s corrected latitude the perpendi-
cular; the base of this triangle represents half the time of the duration,
expressed in minutes of arc. We then establish the proportion

Minutes of difference of sun’s and moon’s motion : 60 nidikis= minutes
of arc of duration of eclipse: nidikds of duration.

17.  As many minutes as there remain on the corrected latitude being
deducted from half the sum of the measures of sun and moon, so many
angulis of the sun know to be obscured by the moon.

18. Describe the circle of the sun with half his diameter and mark
off from its centre the true latitude, in its appropriate dircction. From
the end of that latitude describe the circle of the moon with half her
diameter, and thereby show the amount of obscuration.

Fig. 7. In diagram 7 A is the centre of the sun,
B that of the moon, A B the moon’s true latitude.
YALE: The obscured amount D C is thercfore cqual to

/ Sun’s Radius minus A ) ; which latter quantity is
w itself equal to the truc latitude minus the Radius
of the moon. Hence the obscured amount is equal

to the sum of the two Radii minus the latitude.—The rule for delineating the
eclipse, given in stanza 18 presents no difficultics.



CHAPTER IX.

SonarR FCLIPSES ACCORDING TO THE SORYA SIDDHANTA.

1. According to the Sirya Siddhdnta the (mean place of the) sun is
found successively (4. e., in revolutions, signs, ete.) by multiplying the ahargana
by 800, deducting 442, and dividing by 292207 ; (the place so found is)
for midday at Avanti.

According to I. 14 the Stirya Siddhinta teaches that 180000 revo-
lutions of the sun take place in 65746575 days. Hence the sun performs in a
given ahargana
O womarge®® | which fraction reduced by 225 is equal to %2jstame.
The kshepa quantity —442 is introduced in order to enable us to
start in the caleulation from the epoch of the Pafichusiddhintika, wiz., 427
Saka. About its calculation see later on.

2. Multiply the ahargana by 900000, deduct 670217, and divide
by 24589506 ; the result is the (mean place of the) moon.

From the elements of the yuga of the Strya Siddhinta as stated
in the first chapter we deduce the number of the sidereal revolutions of the
moon within that period, and thus obtain 2406389. In order to find the
revolutions in a given abargana we therefore should have to multiply the
latter by 2406389 and divide—as in the case of the sun—by 65746575,
These being however rather unwieldy numbers, 900000 is substituted for
the former and 24589506 for the latter. The substitution involves an in-
accuracy : for—as appears from an exact caleulation the steps of which are
exhibited in the Sanskrit Commentary on the above stanza~—the motion of
the moon within a given ahargana strictly amounts to

900000 x aharg, 746166 x abarg,
24580506 24589508 x 66746575 *
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The former quantity only is introduced into the general rule for finding
the moon’s place ; the latter one is provided for by a special correction stated
further on. — About the kshepa-quantity see later on,

3. Multiply the ahargana by 900, add 2260356, and divide by
2908789 ; the result is the place of the moon’s uchcha.

The above rule implies that 900 revolutions of the moon’s uchcha
take place in 2908789 sivana days. Ascertaining therefrom the length of
one revolution and the number of revolutions in one mahiyuga, we find for
the latter 488219. The expression for calculating the motion of the

. . 188210 xah .
uchcha in a given aharg:ma would therefore be = .. "€ (the denominator

of the fraction being the sdvana days of a mahfiyuga).

L 488219 . . .
The fraction 170,745 i transformed (see Sanskrit Commentary) into

2922?&9 + T gng‘f ssos7ss, ©f Which expression only the former term is employed

for the general rule, while to make up for the neglect of the latter a
correction is stated in the next stanza.

4. Multiply the revolutions of the moon by 51, and divide by 3120 ;
deduct the result taken as seconds.—Also multiply the revolutions of the
moon’s uchcha by 10 and divide by 297; the resulting seconds are to be
added to the moon’s uchcha.

This stanza states the corrections referred to above, which have to
be applied to the mean places of the moon and her apogee as calculated
according to the general rules embodied in stanzas 2 and 3.— A calculation
(about whose details sce the Sanskrit Commentary) shows that, in order to
make up for the terms neglected in the general rule, 3‘1”;0 seconds for each
completed revolution ha,ve to be deducted from the moon’s mean place; and
that on the other hand gy, seeonds for each revolution have to be added to
the place of the moon’s apogee.

5. Multiply the ahargana by 270, add to it———, and divide by
1834582 ; the result is the place of Rahu in revolutions, ete.

6. Deducting this from 12 signs we have the head of Rihu (i. e,
the moon’s ascending node) : while by adding six signs we have the tail of
Rihu (i. e, the descending node). The minutes of are intervening between
Rahu and the moon (serve to calculate) the moon’s latitude ; 270 minates (are
the greatest latitude).
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The above rule for caleulating the place of the moon’s node requires
the assumption of 232226 revolutlons of the node in a mahdyuga ; for in that
case we have the proportion m, which may be reduced to tg:s 1834580

The line stating the kshepa quantity of Rihu is too corrupt to lend
itself to emendation; we may however in this place statc the principles
on which all the kshepa quantities given in the preceding stanzas of this
chapter are calculated. They of course all have the purpose of throwing
the rules for finding the mean places into a shape enabling us to begin our
caleulations- not from a very remote period—which would oblige us to use
inconveniently large multipliers and divisors—but from the epoch of the
Pafichasiddhintiks, viz., 427 Saka. From tentative calculations it appears
that the kshepas exhibited by Variha Mihira arc calculated, not from the
beginning of the Kaliyuga or the Mahdyuga, but from the beginning of the
Kalpa. We therefore have to form the ahargapa from the beginning of
the Kalpa down to 427 Saka (cp. the Sanskyit Commentary and also Jour.
Asiat. Soc. of Bengal vol. LIIL. 1884 p. 268 ff), and to treat that ahargana
according to the general rules for calculating the mean places. We thus find
that the place of the sun at the epoch of the Pafichasiddhintiki was
—-—%%;%7— But as the Strya Siddhinta makes all its ealeulations for
midnight, while Varéha Mihira declares that the rules given by him are
adapted to midday, we have to deduct a further amount equal to the sun’s
mot4102n during half a day (_ 2x:§§207 = 29"202%7 and thus finally obtain

~ 207> which agrees with the kshepa stated in the text. *(”&lctilatxng the
moon’s position at the epoch in an analogous manner, and again making an
allowance for the moon’s motion between midday and midnight, we obtain
for the kshepa—670197, which differs by an inconsiderable amount only
from the kshepa stated in the text, v12.—670217.—And finally applying the
same process to the moon’s uchcha we find for its kshepa 2260355, which
differs by one only from the quantity stated in stanza 3.

7—8. By deducting eighty degrecs from the sun’s longitude the
anomaly is found, and the moon’s anomaly by diminishing her longitude by
that of her apogee. Multiply the sine of the anomaly by fourteen in the
sun’s case, and by thirty-one in the moon’s case, and divide by 360 ; take the
ares corresponding to the results. Put the arcs down in two places. The
result which follows from the calculation for the moon is subtractive in the
first half of the circle and additive in the second.
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. The longitude of the sun’s apogee is assumed to amount to 80°, and
the circumferences of the epicycles of sun and moon to 14° and 31° respect-
ively. —The direction to put down the result in two places seems due to the
circumstance that it is employed also in the calculation taught in the next
stanza. — What, in the latter half of the second stanza, is said about the
moon’s equation, is valid for the sun’s equation as well.

9. Multiply the sun’s equation, which had been put down separately,
by the sun’s daily motion, divide by 21600, and treat the result in the case
of the sun as in the previous process (. e., add it if the equation of the centre
was found to be positive, and subtract it in the opposite case). Proceed in
the case of the moon analogously to the operation in the case of the sun.

A rule for caleulating the so-called bhujintara equation, by means of
which the places of sun and moon are found for true noon.

10. From 53% yojanas to the east or west (of the prime meridian)
there results one nidik4 which has to be deducted or added respectively.

The above rule for allowing for difference of terrestrial longitude
bases on the assumption of the earth’s equatorial circumference being equal to
3200 yojanas. ‘We then have the proportion

3200 yoj.: 60 nidikds=53} yoj.: one nidikA.

11. The mean daily motion of the moon amounts to 790’ 34", that of
the sun to 59 8".

12. Scven minutes minus one-third (=6’ 40") is the daily motion of
the moon’s apogee. The mean motion of the moon lessened by that of the
apogee is the motion of the anomaly. From the latter the true motion is to
be caleulated.

13. Multiply (the motion of the anomaly) by the difference of the
sines of anomaly, and divide by 225; reduce thoe result (to terms of the
epicyele). The arc of the result is to be deducted from the mean motion in
the six signs beginning with Capricorn, and to be added to it in the six signs
beginning with Cancer.

14. The result is to be known as the true daily motion at the time
(which is thus ascertained) from the difference (of the places on two consecu-
tive days) of the moon. —Multiply the mean motion by the Radius and divide
by the true motion ; you thus obtain the true hypothenuse.
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The process here described for finding the true motion of the moon is
the same as the one tanght in the modern Strya Siddhinta II. 47—49 and
therefore requires no detailed elucidation. The “reduction” of stanza 13
means that we have to multiply the result by the degrees of the epicycle and
to divide by 360.—The rule for finding the variable hypothenuse is founded
on the consideration that the more the motion decreases the more the distance

(variable hypothenuse) increases,

15. The true hypothenuse multiplied by 5347 and divided by 120
gives the kaksh4 of the sun; the true hypothenuse of the moon multiplied
by 8 gives the kaksh4 of the moon,

By the term ‘kaksh4,’ which in later terminology (also in that of the
modern Stirya Siddhinta) denotes the orbit of a planct, we have in, the above
rule clearly to understand the distance of the planct from the carth in yojanas,
The rule thus teaches how to caleulate from the true distance of the planet
expressed in terms of the Radius—which was found in stanza 14—the true
distance in yojanas (the later so-called sphuta-yojanakarpa). The mean
distance of the sun in yojaras is put equal to 5347, that of the moon to 360

360 -
RS TET = O )-

16. Take 5147080 for the sun and 333640 for the moon and, in order
to find their (apparent) dimensions for a given time, divide those two quantities
separately by the true distances in yojanas.

A rule for finding the apparent diameters of sun and moon at a given
time.—If we divide 5147080 by the mean distance of the sun in yojanas as
given in stanza 15, we get 962.6 which according to the tenour of the rule
ought to be the mean diameter of the syn. But 962.6 can represenf that
qua.ntity only if it be divided by 30, when we obtain 32/ 5.2 for the mean
diameter, The rule for finding the true diameter then stands as follows:

Multiply the mean diameter by the mean distance and divide by

the true distance
: 962.6 x 6847 BL47080
80 x true dist. ™ 30 true dist.
(the true diameter decressing in the same proportion as the true distance
increases). But for some reason or other the text—provided it be correct—
does not mention the divisor 80,—The rule for finding the tr ue diameter of the
moon is analogous, and we there also miss the mention of the divisor 30,

t. e
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The mean measure of the diameter is supposed to be 9—%—?; hence the true

926.8x 360 333640

MeASUre =3 "\ ie disk, — 80 x true djst.”

17. The degrees, which correspond to the time by which the end of
the tithi is separated from noon, and which are calculated by the (times of)
the rising of the signs in the right sphere—the signs being taken in reverse
order—are, in the eastern hemisphere, to be deducted trom the sun’s longi-
tude, and to be added, in due succession, in the western hemisphere.

18. That (which is thus found) is what is called the madhyalagna
(v e. the point of the ecliptic on the meridian). Find the degrecs of the arc
of declination of that point, and either deduct them from—or add them to—
the latitude ; the sine of that sum—or difference—is called the middle sine
(madhy4).

A rule for finding the socalled madhya-jyA 7. e., the sine of the
zenith-distance of the madhya lagna, 1. e, that point of the ecliptic which
at the time is on the meridian.—First the longitude of the madhya-lagna is
found from the natakéla, <. e., the time intervening between the moment of
conjunction and noon. We calculate from that {ime the corresponding
degrees of the ecliptic, and deduct them from—or add them to—the sun’s
place, according as the sun is in the eastcrn or western hemisphere.—The sine
of the madhya-lagna’s zenith distance is thereupon found without diffculty.

19. Multiply the sine of the longitude of the lagna of the end of the
tithi by the sine of greatest declination, and divide by the sine of colatitude.
Multiply the result by the sine of the zenith-distance of the point of the
ecliptic on the meridian (madhya-jyd) and divide by Radius. Square the result.

20. Deduct it from the square of the madhyajyi, and put the
difference down in two places. Take its square root; thus you obtain what
is called the sun’s drikkshepa (1. e. the sine of the zenith distance of the
tribhona lagna). For better remembrance sake put it down separately.

21. Deduct the square of the drikkshepa from the square of the
Radius ; multiply the square root of the remainder by the sine of the dis-
tance of the sun from the orient ecliptic point, and divide by the Radins ;
the result is the sine of the altitude (Sanku) of the sun.
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92. From the square, which above had been put down in two places,
deduct the difference of the squares of the socalled angulis of altitude and the
Radius ; take the square root of the remainder, multiply it by eighteen, and
divide separately by the distances of the sun and the moon.

93. From the difference of the degrees (of the arcs corresponding
to the two last results) (ascertain the true end of the tithi), in the same way
as in the case of the tithi (i. e., in the same way as the past and the remain-
ing part of a tithi is ascertained) ; with the end of the tithi (so fond)' perf?rm
again the same operation. The time ascertained is thus to be inquired into
(é. e., tested and corrected), until no difference remains.

The above five stanzas teach the method of calculating the parallax
in longitude (lambana). We first ascertain the sine of amplitude of the
orient ecliptic point (B C in figure 6) by the formula

. . R x sin great. declin. x_sin longit. of lagna __ sin great. declin. x sin longit. lagos .
Sin a.mpht.= R x sin, colat. - sin colat.

By multiplying the sine of amplitude thus found by the madhyajyd
(Z L) and dividing by Radius we obtain the sine of that arc of the ecliptic
(T L) which is intercepted by the meridian and the vertical circle passing
through the nonagesimal (T). From this and the madhyajyi—and treating
the small spherical right angled triangle T L Z like a planc triangle—we find
the drikkshepa (T Z) 1. ., the sine of the zenith distance of the nonagesimal.
By deducting the square of the drikkshepa from the square of the Radius and
taking the square root of the remainder we obtain the cosine of the drikkshepa
(T D) 1. e., the sine of the altitude of the nonagesimal. From this we find
the danku, 1. e., the sine of the sun’s altitude (mG; m being the place of the
sun) by means of the proportion

Radius : sin altit. nonag. =distance of sun from lagna: sin altit. sun.
Deducting the square of the latter from the square of the Radius we
obtain the square of the sine of the sun’s zenith distance (mZ). We deduct
from this latter square the square of the drikkshepa (ZT) and take the square
root of the remainder; the result is (according to spherical trigonometry)
equal to the product of the sine of T m (i. e., the arc of the ecliptic inter.
cepted by the latitude—circles of the nonagesimal and the sun) and the cosine
of T Z (Radins being put equal to unity) ; which product itself is equal to the
sine of Z F 4. ¢, the arc drawn from the zenith at right angles to P'm,
P’ being the pole of the ecliptic). We then establish the proportion
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Sin Zm: sin opposite angle (which sine=Radius)=sin Z F': sin opposite
angle, and thus find the sine of £ Zm F which is equal to the cosine of
£Tm Z. Now assuming m M to be the vertical parallax, and treating m M n
as a plane right angled triangle, , Mmn=;TmZ; and , mMn being the
complement of 2 M mn, cos M m n=sin m Mn=cos T m Z.

We then finally have the proportion

Radius (. e., sine of £ m n M): sine of m M=sine of 2 m M n : sine
of mn (4. e., parallax in longitude).

Now in the above proportion the sine of m M may be found from the
greatest vertical parallax by means of the proportion

R: sin greatest vert. parallax=sin given zenith-distance : sin desired
vertical parallax ; which (Z M being taken as equal to Z m from which it differs
but little) gives

Sin desired vert. parallax (m M) =287t panll.xsine 2 m

The sine of the greatest vertical parallax being cqual to the product
of the carth’s radius and the tabular Radius, divided by the planet’s distance,
and the abridged diameter of the earth being equal to 36 (about which sece
later on) we have

18xR

sine great. parall. = o

We thus have

: __sin great. parall. xsinZm __ 1&xsin Zm
sin m M= R " dist. plan.

sin Z FxR
sinZm 7’

SinzmMn=

Sine of parallax in longitude =sin mn=

sinmMxsin ZmMxn_ 18¥sinZm _sin /mMn

R = dist. plan. X TR

. 18xsinZm sin ZRxR _18sin ZF .
T dist, plan, xR 7 sin Zw - dist. plan, 2 as in the text.

In this manner the sines of the parallaxes in longitude are found
scparately for sun and moon. Thereupon the corresponding arcs are taken,
and from their difference the correction is ascertained which hasto be applied
to the time of the conjunction. This is done by multiplying the difference
by sixty, and dividing by the difference of the motions of sun and moon.
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94. * Multiply the drikkshepa—derived from the same time—by 18,
and divide by the true distance of the sun and the moon; the degrees of
the arc of the difference of the two results represent the parallax in latitude,
whose direction is determined by that of the madhyajyA.

25. By means of the sines calculate the latitude of the moon for that
moment, and add it to—or deduct it from—the parallax found above;
the result is the true parallax in latitude. Then you may declare the
duration of obscuration according to the dimensions.

A rule for calculating the parallax in latitude. The proportion is

Radius : sin greatest parall. =drikkshepa : sin desired parall. in latit.

18 x R x drikkshepa __ 18 x drikkshepa

o . _ pa_ o -
=, Sin desir. parall. = ———=—1 o The remainder requires

no comment.

26. Deduct the square of the avanati from the square of half the
sum of the measure of sun and moon. From the double square root of the
remainder determine the time (of the eclipse), as in the case (of the caleu-
lation) of the elapsed portion of a tithi.

Compare chapter VIII, stanza 16.

27. The difference of the displacement of the tithi (i. «., the parallax
in longitude) as calculated for the beginning of the eclipse and of the half dura-
tion (gives the true half duration of the eclipse); if the eclipse takes place in
the western hemisphere, the parallax has to be added. We proceed in an

analogous manner with regard to that half of the duration which precedos
the separation.



CHAPTER X.

Luxar Eoviess, Accorping To THE SURYA SIDDHANTA,

1. Multiply the true distance of the sun by 90, and divide by 276;
the result is to be employed as the divisor of the true distance of the moon
multiplied by 36. Deduct the result from 36.

2. Multiply the remainder by 120, and divide by the true dis-
tance of the moon; the corresponding are is the diameter of the shadow.

A rule for calenlating the diamcter of the true shadow. Let S

Fig. 8. (fig. 8)
be the
centre of
the sun,

E  the

S \L// m centre
of the
earth ,
op & part

p
of the path of the shadow, m n half the diameter of the true shadow which—
D m being drawn parallel to F n—is equal to F D. B % being drawn parallel
to F't, we have the two similar triangles » S E and E D m, in which
S8 u is equal to the Radius of the sun minus the Radius of the carth,

i. ¢. (the abridged diameters of the sun and the carth being put equal
to 146 a'nd 36) tO 73 18= 55 hOIlCO E D""' 5B X true dmt of noon . 55 55 x true dist. anon X !)0

True dist. of aun trye diat. sun % 90
£5x 90
= 276 * true dist, moon 18 % true dist, moon
90 X true dist, snn ™ 90 x true dut. mm
276 a6

The quantity so found being deducted from eighteen, 4. e., the Radius
of the earth, we obtain the valuc of D F.—The process prescribed in stanza
2 bas tho purpose of expressing the half diameter—so far fonnd in yojanas—
in minutes of arc.—In order to double the result (so as to find the
whole diaweter), 36 is substituted for 18 in the above expressions,
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20, Divide the sum of the diameters of the moon and the shadow
by 2, and take the square (of the quotient);

3. Deduct therefrom the square of the latitude, and take the
approximate square root Multiply the latter by 120, and divide by the
difference of the motions of sun and moon; the result are the nidikis of
the duration of the eclipse.

4, Calculate therefrom the latitude of the moon at the moment
of first contact, and therewith again, in the manmer described above, the
duration of the eclipse. Repeat this operation again and again, until there is
no longer any difference with regard to the duration.

A rule for calculating the duration of a lunar eclipse. At first we
calculate the socalled bhuja, which is one of the sides of a right angled
triangle, of which the hypothenuse is formed by the sum of the Radii of
moon and shadow, and the other side by the latitude of the moon at the
moment of contact. As however that latitude is not yet known, the
moon’s latitude at the moment of conjunction is substituted for it.
Thereupon a proportion is established

Minutes of difference of motion of sun and moon: 60 nidikis = minutes
of bhuja : half duration of eclipse

N sop . 80 xbhuja
. Half duration= ——-7"., and

120 x bhuja

Dura.tlon = minutes of diff.

As we now know the longitude of the moon at the time of the first
contact, we calculate the latitude for the same moment, and therewith again
determine the bhuja and the duration. This process is repeated, until the
results no longer differ.

5. Multiply the difference of the motions of sun and moon by
the given nidikéis, and divide by sixty. Take the difference of the minutes
of that (result) and of the minutes of duration (as calculated above), and
further take the latitude of the moon at the given time ;
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6. Deduct the square root of the sum of the squares of those two
quantities from half the swm of the measure, exprossed in minutes, ete.,
of the moon and the shadow. The remainder indicates the part of the
moon or the sun which is obscured at the tiwme.

A rule for finding how large a part of the moon (or sun) is obscured
at a given moment.—We calculate for the given moment the bhuja and the
latitude of the moon; the square root of the sum of the two quantities, is
the distance of the centres of shadow and moon at the given time. The
difference of this latter quantity and the sum of the Radii of the two
bodies indicates the amount obseured.—Mutatis mutandis the same rule
may be used for calculating how large a part of the sun is obseured at a
given moment of a solar eclipse.

7. Take (1) half the difference of (the diameters of) the eclipsed
and the celipsing bodies, and (2) the latitude ; multiply the square root
of the difference of the squares of those two quantities by two and treat
it in the manner of the tithi. The result is the time of complete obscuration
of the sun and the moon.

The above rule for calenlating the time of complete obscuration is
analogous in every way to the rule—given above—for finding the time of the
duration of the celipse, and therefore requires no special comment.



CHAPTER XL

{ON THE PROJECTION OF ECLIPSES ACCORDING TO THE SURYA SIDDHANTA).

1. By means of a staff, on which the angulis are marked, deseribe
a first circle with a Radius equal to the sum of half (the diameters of) the
obscuring and obscured bodics, and mark on it the different directions.
Describe a second cirele with half the diameter of the obscured body.

2. Multiply the sine of terrestrial latitude hy the versed sine of
the degrees intervening between the moon and the zenith s add the degrees
corresponding to the 120th part (of that product) to the north or south
respectively in the eastern and western hemispheres.

3. Add three signs to the longitude of the moon, and treab the
corresponding degrees of declination according to their direction.  Thus the
east-west direction is ascertained ; the north and south points are to be
determined therefrom by means of a fish-figure.

4—>5. Draw a line, representing the moon’s latitude, in the direction
opposite (to that latitude), which extends up to the cast-west line wd
cuts the second cirele. The first contact takes place at the point where a
line drawn from the centre cuts the other circle (riz. the cirele representing
the eclipsed body). The point of separation also is to he determined
analogously, in the opposite way ; inascertaining the direction one has to start,
in one’s considerations, from the moon at the mowment of separation.

Rules for caleulating the valana (deflection), Aksha as well as dyana, and
for drawing a projection of the eclipse. The rules altogether agrec with those
of the modern Stirya Siddhinta. Kor the details sce the Sanskrit Commentary.

6. On the horizon two minutes (of the diameter of some heavenly
body) go to one anguli; while three go to it (when the heavenly body is)
in the zenith. If the body is placed between (the horizon and the zenith),
a proportionate calculation is to be made, to the end of bringing about
agreement between observation and theory.



CHAPTER XII.

Parrdyaus SIDPHANTA.

1. According to the teaching of Pitfmaha five years constitute a
suza of the sun and moon.  The adhimisas are brought about by thirty
months, and an omitted Iunar day (avama) by sixty-two days.

2. Lessen the time of the Saka king by two, and divide by five;
with the remaining yvears form the ahargana, which begins with the light
fialt” of Mégha, The ahargann begins with the day, iz, from sunrise.

In the quinquennial lunisolar yuga of the Paitimaha siddhinta
e adhiurdsa i eomprised within ewch period of thirty solar menths, and
ot avama, 1. e., omitted lunar day within eaclr period of sixty-two days.

According to Stanza 2, which direets us to deduct two from the nuw-
o of clapsed Suka years, a new yuga began with 2 Saka elapsed.

2. If the ahargana 18 inercased by its own sixty-first part, the
pesult are the tithis. If it is multiplicd by nine and divided by 122, the
result is the nakshatra of the sun.  Multiply the ahargana by 7, divide by
510, and deduet (the result from the ahargana): the result is the lunar
nakshatra, counting from Dhanishtha.

Rules for ealenlating the tithis contained  within a given alargana,
and the nakshatras in which the sun and the moon are at a given time,—

The yuga comprising 1830 sivana days, and at the same tiwme 1860

- . TR S N T LREO » nharg __ 62 aharg
tithis, the number of tithis of a given abargana= W = g

alurgann
ahargana+ =g

As the sun revolves in onc yuga five times through the twenty-
seven nakshatras, the nakshatras through which he passes during a given

27 % § x nhargans . 9 x uharg,
ahargana= """ =

As the moon passes in one yuga through 27 x 67 nakshatras (the yuga

comprisiyg 67 sidereal revolutions of the moon), she passes within a given

21x67xahrg GﬂSMhu — 7ahnrg
ahargana through =" T2 "8 = o ME = aharg. — 158
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The nakshatras are to be counted from Dhanishthd, in which sun and
wnoon are in conjunction at the beginning of the yuga.

4. [See the Sanskrit Commentary].

4b.  Multiply the ahargana by 12, and divide by 305 ; the result are
the vyatipitas.

A rule for finding how many of the yogas called vyatipdtas bave oc-
curred within a given ahargana. There arc 27 yogas which arc caleulated hy
dividing the sum of the longitudes of sun and moon by 27. At the begin.
ning of the quinquennial yuga sun and moon are in conjunction at the begin-
ning of Dhanishthd or—which is the same—at the end of Sravana. The
longitude of each thereforc amounts to 22 nakshatras—if we count in the
ordinary way from Agvini—, and the sum of their Jongitudes to 44 nakshatras.
Forty-four being divided by 27, the remainder (=17) indicates that the yoga
at the beginning of the yuga is the [7th of the serics, 7. ¢, Vyatipita. Now
in one cntire yuga the accumulated longitude of the sun amounts to 5 x 27
nakshatras, and that of the moon to 67 x 27 nakshatras: henee the sum of
the two to 72x 27. Dividing this sum by 27, the quotient 72 indicates how
many vyatipitas take place in one yuga. Hence the proportion

1830 (=days of yuga): 72=given aharg.: &~
v e 7axabarg. 12 xaharg.
CPETIE T s
5. Add to 732 those days of the wnorthern progress ol the sun
which are passed, and in the case of the southern progress those days which
are yet to come ; multiply by 2 and divide by 61; the result is the measure
of the day minns twelve,

A rule for finding the length of any given day of the year. The
supposition being that the length of the shortest day is twelve muliirtas,
and that of the longest day eighteen muhtirtas, and cach ayana comprisifne
183 days, the length of any day of the year is found by adding to twelve
the product of six and the number of the day, divided by 183. In the case
of the uttardyana the number of the day is counted forward from the winter
solstice, while in the case of a day in the dakshipiyana it is counted back-
ward from the same point of time . We then transform the expression for

the length of the day in the following manner
12+ 6 xgi;:;_g_ay: 12 +2>;¢iag: 24 +2x6«iayn12:2ix_g‘1‘+12xday“ 12

S

2
=37 (12x 61 +day) ~12:= §-(732 + day) - 12,



CHAPTER XIIIL.

ON THE CONSTITUTION OF THE U NIVERSE.

1. The round ball of the carth, composed of the five clements, abides
in space in midst of the starry sphere, like a picce of iron suspended between
magnets ;

2. Covered on all sides with trees, mountains, towns, groves, rivers,
oceans and other things.—In its middle there is Sumeru, the abode of the

gods.  Below (i e. at the pole opposite to Meru) there are placed the
Asuras.

3. As the reflections of men standing on the brink of water are
scen with the faces downwards, so the gods consider the condition of the
Asuras to be; and those on their part deem the gods to be below.

4. Just as here in the region of men the flame of the fire rises wp-
wards into the air, and as a heavy object when being thrown falls to the
carth ; so it also happens below there in the region of the Asuras.

5. Straight above Meru in space one pole is seen; the other pole is
scen below, placed in space. Fastened to the poles the sphere of the stars
is driven round by the pravaha wind.

6. Others maintain that the earth revolves as if it were placed in a
revolving engine, and not the sphere; if that were the case, falcons and other
(winged creatures) could not roturn from the ether to their nests.

7. And, to mention another argument, if the earth revolved in one
day, flags and similar things would, owing to-the quickness of the revolution,
stroam constantly towards the west. If the earth, on the other hand, moves
slowly, how does it revolve (once within 24 hours)?

8. If, in agreoment with the doctrine of the Arhat, there were two
suns and moons rising by turns, how then is it that a mark made in the polar
constellation by means of 2 line drawn from the sun revolves within one day ?
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The Jaina doctrine is that there are two suns, two moous, ete, rising on
alternate days. But if we at sunset draw a line from the sun to the constel-
lation of the polar fish, we observe that that point of the constellation which
the line reaches, 7. ¢., a point on its western side is on the next morning reached
by a line drawn from the rising sun ; hence we conclude that the constellation
as well as the sun performs one complete revolution within 24 hours.

9. For the gods the rising sun, when at the first point of Aries,
revolves to the right, moving in the horizon ; at Tankd he then revolves right
overhead ; and in an opposite direction (viz. to the left in the horizon) for
the Asuras.

10. At the end of Gemini the sun revolves for the gods at the
height of 24 degrees above the horizon, while at Avanti he then moves right

overhead.

11.  In the same place there is then no shadow at noon, while the
shadow falls towards the north for all who dwell to the north of Avanti, and
to the south for the inhabitants of the countries south of Avanti.

12. Those who have maintained that for the gods dwelling on Mera

it is day as long as the sun stays in Aries, Taurus and Giewini, hut night
when he is in Cancer, Leo and Virgo, to them reverence is due indeed !

13, In the very same places, in which the sun goes to the north from
Aries, he moves when returning from the north ; how then should he be visible
at one time and invisible at another, while all along he is in the same region ?

A eriticism on those—unknown—auathors who were ignorant of the fact
that the sun while in Cancer, Leo and Virgo deseribes the same day civeles,
in reverse order, which he had described while in Aries, Taurus und Geming.

14 In the visible half of the sphere there are three signs, extending
from the middle of the sky (down to the western horizon) ; they contain ninety
degrees. The same divisions are to be assurmed from the rising (i. e, the
eastern horizon, up to the zenith).

15. One degree answérs to nine yojanas minus ome ninth of a
yojana (on the earth); this fact is manifest to those, who dwell on the same
meridian, from the deflection (of the heavenly bodies) from the zenith,
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16. Thus there is eftected by ninety degrees (a difference of) eight
hundred yojanas.  What is sunrise for one observer is noon (for another
shserver) ina place distant to that exteut.

The circumference of the carth being equal to 3200 yojanas, 9 — ;
yojanas correspond to one degree, and 800 yojanas to 90 degrees.

17. Ujjayini is near to Tankd, being situated to the north on the
same meridian ; henee the noon of' the two places occurs at the same time :
but their days arc unequal {in length) with the exception of the cquinoctial
days.

18, Three thousand two-hundred yojanas are the measure (of the
circamference) of the carth.  The sun when at the equinoctial point revolves
round so much of the earth from Meru as centre.

The sun when moving in the cclestial equater revolves round the
terrestrial equator, of which Meru is the pole.

19.  Going 5862 yojanas north from Avanti we reach the middle of
the carth (Meru) 5 so also by going 800 yojanas to the north from Lanka.

Ujjayini has 24° northern latitude, is thercfore 66° from Meru. The
«istance in yojanas is then found by a simple proportion.

20.  In any country, by asmany degrees as the pole is raised above
the horizon, by so many degrees the sun is depressed from the zenith to the
south on the day of the c¢quinox.

21, If we go 373} yojanas north from Ujjayini, this whole sphere
(as described above) comes to an end.

92. There the sun is once seen for 60 nidikds after his rising.  The
farther (we proceed towards the north), the longer (the day becomes), until
at Sumeru we have a day six months long.

We find by en easy caleulation that going 373} yojanas north from
Ujjayini we reach 66° northern latitude.  In that latitude the last point of
(temini—whose northern declination amounts to 24°—revolves in a day circle
which is raised in its whole extent above the horizon; and the sun, when he
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has reached the end of Gemini, hence remains visible for a whoele day of 60
nidikas. In that latitude therefore the sphere becomes different from the
sphere described hitherto.. At Meru six signs revolve constantly above the
horizon, and the sun is therefore constantly visible as long as he stays in those
six signs, i. ¢, for six months.

23. If we go 403~59- yojanas to the north of Avanti, the two signs
Sagittarius and Caper never become visible.

94, If we go from the same place (i. e. Avanti) somewhat more than
482 yojanas to the north, Scorpio, Caper, Aquarius and Sagittarius never
Tise.

95. And if we go 586 — yojanas (to the north of Avanti), the latter
half of the sphere (Libra to Pisces) never rises, while the former halt (Aries
to Virgo) never sets.

The above statements base on the assumption that Sagittarius and
Caper do not rise above the horizon in 69°24" northern latitude ; Scorpio and
Aquarius in 78°15" northern latitude; and the whole latter half of the
ecliptic in 90° northern latitude.

The corresponding yojanas of distance from Avanti are casily found
by proportion.

26. The people at Lanka see the polar star in the horizon; those on
Meru in the zenith ; those dwelling between sce it between (the horizon aue
the zenith),

27.  For those who dwell on the back of Meru the sun once risen
remains visible for six months, while he woves in the six signs beginning witl,
Aries; for the Asuras he is visible as long as he is in the latter (half of the
ecliptic).

28. For them (viz. the gods) the first point of Aries constautly is the
ecliptic point on the horizon; and the dreshkina as well as the trin sinsa,
the (so-called) ninth part and twelfth part all belong to Mars.

Mars being, in astrological parlance, the Lord of Aries, all the sub-
divisions of Aries also belong to him, . ¢., are ruled by him.
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29. Beneath the equinoctial circle is Lanké ; there the sphere is right.
Day and night therc are always of the sawe length, viz., 30 nadikis.

30. Having, by means of water, levelled a raised surface, on which
the directions are marked, and having placed on its southern side a gnomon
of the same measure as the surface ;

81. The observer, placing his eye at the base of the straight gnomon,
is to incline it in such a way, that the top of the gnomen is in the straight line
Juining the eye and the pole star.

32. At Lankd this observation is performed with a gnomon lying flat
on the surface, on Sumern with one standing upright, and in the intermediate
regions with one inclined more or less.

*83.  The perpendicular (from the end of the gnomon to the surface)
reprosents the sine of latitude; the distance of that perpendicular from the
base of the gnomon—which indicates the north-south line—represents the
sine of colatitude.

34. By such means the learned confidently determine the centre of
the carth er the mweasure of the whole carth, just as we ascertain the taste
(of all salt) by drinking a little water mixed with salt.

A wethod for determining the elevation of the pele above the horizon,,
1. e., the terrestrial latitude, and similar matters.

35.  Of the moon which is constantly placed below the sun one half
is illuminated by the sun’s rays, while the other half is obscured by the moon’s.
own shadow ; as is the case with a jar standing in the sun light.

36. The rays of the sun, being reflected fromr the meon which eon-
sists of water, destroy the darkness of the night, just as the rays of the sun
fulling on the surface of a mirror destroy the darkness inside a house.

37. As the moon daily changes her positiom with regard to the sun,
her illumined part increases, just as in the afternoon more and more of the
western side of a jar is lit up.

88. 'This holds good from the end of the dark fortnight, while the
dark part of the moon increases from the end of the light fortnight.—Those
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who live on the back of the moon see the sun during onc half of each lunar
fortnight, since there is no shadow (obscuring the sun to them) to the extent
of three signs on each side (of the conjunetion).

39. Above the moon there are Mercury, Venus, the Sun, Mars,
Jupiter and Saturn (in succession), and then the stars, ~All planets move to-
wards the east with the same velocity, each in its own orbit,

40. As the interstices between the spokes of an oil-press are small on
the nave and large on the outer circumference, so the distances of the signs
from each other become larger and larger, the higher we ascend from the earth,

41. The moon which is placed (farthest) below the sphere of the
stars revolves quickly in her small orbit; Saturn which is placed highest
above revolves in his large orbit with the same velocity.

492, The plancts arranged in the ascending order upwards from the
moon are the Lords of the months (in succession) ; in their descending order
downwards from Saturn, they are the Lords of the hours; if we take cach
fifth member of the ascending series we have the Lords of the days. Tho
Lords of the years arc clear (as explained in the first chapter),



CHAPTER XIV.

Ox AstronoMICAL InsTRUMENTS, OBSERVATIONS AND THE LIKE.

1. Draw upon the ground a level eirele with a diameter one hundred
and cighty angulis long, and mark upon its circumferenee the signs (degrees,
ete.) at equal distances, and also the degrees of declination (of the signs).

2. Further describe from the centre (of the first circle) three other
circles, taking for their Radii the strings running (at right angles) from the
string, which marks the north-south line, to those points on the circumference
of the first circle where the degrees of declination (of the signs of the
vcliptic) are marked ; and mark those circles with the degrees, as you did with
the first one.

3. Thereupon draw a line from the centre towards the latitude (7. .
that point of the first circle which marks the latitude of the given place), and
lengthen it up to the sphere. Take that picce which is due to the declina-
tion (of a given sign of the ecliptic) and is intercepted by the line of latitude
and the north-south line;

4. Double it and mark it off on the circle belonging to that sign;
multiply half the degrees of the corresponding arc by ten. The result
represents the vinidikis of ascensional difference in the case of the first sign ;
in the case of the two other signs the vinidikis come out mixed,
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The above stanzas teach how to find the ascensional difference for any

given latitude without calculation, by the mere inspection of a kind of diagram.
Fig. 9. —In diagram 9 N E S Wrepresents the

E first circle whose circumference is sup-

1 posed to be divided into 360 degrees.
{ * We further mark off on the circumfer-
ence the degrees of declination of the

Cc

first three signs of the ecliptic, the de-
clination of Aries=Wa' that of Taurus
= Wt’, that of Gemini="Wg’ and then
g / draw the perpendiculars a’a, t't, ¢’ ¢
Ad on NS. Taking these perpendiculars
as Radii, we deseribe from the
centre C three circles (of which the
2R diagram however represents ouly one,
:]:E vz., that one whose Radius=a a/).
‘o W We then lay off from N the degrees of
the latitude of the given place=N P, draw the perpendicular P1 and join P C.
Comparing the similar triangles P Cl and dCa we establish the proportion

g

8

Cl (=sine of colatit. given place): Pl (=sine of latitude)=Ca
(=sine of declination of Aries): ad (=ascensional difference for Aries).

Doubling ad and applying it as a chord (d’d”) to the day circle of
Aries, we take—from an inspection of the degrees marked on the circumfer-
ence—the degrees of arc corresponding to half that chord and, in order to
turn them into vinddikds, multiply them by ten (one degree=4 nidiki=10
vinidikés).—In the case of Taurus and Gemini the vinidikds come out mixed
i, e., the result gives us the sum of the vinddikas for Arics + Taurus, and for
Aries+ Taurus+Gemini. An appropriate subtraction then furnishes the

desired result.

5. Moultiply the given nidikis by six; they are thus turned into
degrees. Take the versed sine of those degrees and deduct it from the
Radius; there remains the shadow. Thus there is found the shadow up to
noon. In order to find the nidikds, lessen the Radius by the shadow.
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6. Take the sixth part of the degrees of arc corresponding to the
sine of the interval between the end of the shadow and the horizon ; that
sixth part represents the elapsed nadikds in the eastern hemisphere, those to
come in the western hemisphere.

The above stanzas teach a rough process for ascertaining, from the
sun’s altitude, the length of the shadow, and vice versi. In the first place
the sine of the sun’s altitude at a given moment is roughly identified with
the sine of that arc of the day-circle, which the sun has described up to that
moment ; hence the direction to turn the elapsed nidik4s into degrees. If we
Fig. 10. then construct an artificial sphere,
as in figure 10, in which ¢ e is the
height of the gnomon, we know
in-the triangle b ¢ f the side f b=
sine of sun’s altitude; and by de-
ducting a b—which is the versed
sine® corresponding to b f—from
the Radius we have be. To this
b ¢ the line ¢ d 4. e. the length of

a b c @ thedesired shadow is now assumed
to be cqual, the two hypothenuses ¢ f and d e—which in reality meet in the
sun—being looked upon as parallel.

S

7. 'Take that line which constitutes the east-west line corresponding
to the oblique line, and the north-south line representing the degrees of deeli-
nation ; the degrees of the corresponding arc, multiplied by ten, give the
vinddikis of the rising of the signs in succession.

A rule for finding, by the inspection of a diagram or globe, the time
of the rising of the individual signs of the ecliptic on the equator. The rule
is rather obscurely worded ; it however appears that by the oblique line we
have to understand the sine of one, two, ete. signs of the ecliptic, while the
north-south line is the sine of the declination of the end point of the respective
sign. The cast-line then is the other side, at right angles to the north-south
line, and represents the socalled udayajyd which is a segment of the day circle
described by the end point of the sign of the ecliptic.

Each degree of the corresponding arc represents 4 nidiké=10 vin-
dikds; the degrees multiplied by 10 therefore give the vinidikds of rising.

* The context obliges us to take ‘jyb' in stanza 5 in the sense of *versed sine.’
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8. A stanza of doubtful meaning.—If the restoration of the text
attempted by us is right, the stanza directs us to ascertain the zenith from
the fact of the gnomon throwing, at a eertain time, no shadow Cp. the
Sanskrit Commentary.

9. 10a. Lay off the shadow (from the centre) towards the north,
and place the gnomon at the other end of the shadow. Draw from the centre
a line parallel to the hypothenuse up to the circumference. The distance of
that (i. e. the point of the sphere thus marked) from the zenith is the latitude.
In the same way the shadow may be determined from the latitude.

A reference to diagram 10 will render the above processes intelligible.

10b. 11. Having ascertained, for the given day, the declination of
the sun—which is either greater than the terrestrial latitude or less than it—
place its sine between the ecliptic and the equator ; in which degree that sine
intersects the ecliptic, to that degree know the sun to be equal in longitude,
according to that part of the sphere (in which he is at the time).

A rule for finding the longitude of the sun from observation. The
declination of the sun is ascertained from the observation of the sun’s zenith
distance at noon, to which the terrestrial latitude is added if the zenith
distance is north, while it is deducted from it, if the zenith-distanee is south.
The longitude of the sun is thercupon caleulated as the hypothenuse of a
right angled triangle, in which there are given one side, viz, the sine of the
sun’s declination and the opposite angle, viz., the inclination of the celiptic = 24°,
The resulting degrees are to be taken as they are in the first quarter, in the
second quarter they have to be deducted from 180° and so on.

12. By means of an observation, made by means of two staffs equal to
Radius and placed in the centre, ascertain the degrees intervening hetween sun
andmoon, The twelfth part of those degrees represents the clapsed true tithis.
From this (observed interval) again the next tithi is to be ascertained.

13. Adding to the degrees (intervening between sun and moon) the
longitude of the sun as ascertained by obscrvation (stanza 10), we obtain the
longitude of the moon at the given time by mere observation,

A rule for finding the number of elapsed true tithis and the longitude
of the moon by observation.—When the distance of the moon from the sun
amounts to 12°, one tithi has elapsed, and so on.
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14. 15. Mark three times, from the centre, the end of the gnomon’s
shadow, and then describe two fish-figures. Thereupon describe a circle,
taking for Radius a string, that is fastened to the point in which the two
strings issuing from the heads of the fish-figures intersect, and that is so
long as to reach the three points marked. On the given day the shadow of
the gnomon moves in that cirele, without departing from it.

16. The line joining the centre of that circle and the base of the
gnomon is the south-north line; and the interval in the north direction
(between that circle and the gnomon) is the midday shadow.

A rule for finding the path deseribed by the extremity of the shadow,
based on the (crroneous) assumption that that path'is the are of a circle. We
mark the extremity of the shadow at three differcnt moments of the day, and

Fig. 11. thus obtain the points a, b, ¢ (fig. 11).
In order to lay a circle through these
three points, we deseribe from aand b
the fish-figure d e, and from b and ¢
the fish-figure f g; the point h in
which the cords d ¢ and { ¢
meet is the centre of the desired
circle.—It is then casy to show that
the line joining h and g (i. e. the
foot of the gnomon) is the meridian
line, and g 1 the midday shadow.

17. ‘Horizon’ we call that (circle) in which the sky is joined as it
were to the carth ; we draw in it even east-west and north-south lines.

18. The interval between the pole and the horizon is the terrestrial
latitude ; and the difference of the latitude and nincty (degrees)is called
colatitude, which declines from the zenith towards the pole. The day-circle
is what intervenes between (the sun’s ete.) rising and sotting.

19. Make, for the purposes of observation, a circle with marks
(indicating the nidikds of rising of the signs of the ecliptic) in reverse order,
and indications of the directions. Mark the centre and place the circle on even
ground in such a way as to raise its axis to the amount of the given latitude.
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20. (Mark the place touched by) the shadow of the crossing of the
two strings, (4. e., of the centre of the circle.) Add to the place of the suu the
degrees which the sun has passed through (at a given hour of the day); you
thus obtain the sign which at that hour rises in the east. And also the clapsed
nadikas of the day (may be calculated from those degrees).

The circle is to be placed in the plane of the celestial equator. The
observation of the places at which the shadow of the centre pin touches the
circumference of the circle at different hours of the day informs us through
how many degrees the sun has passed in the interval; whence we caleulate
the ecliptic point on the eastern horizon, and the time of day.

21. 22. Take a circular hoop, on whose circumference the 360 degrees
are evenly marked, whose diameter s equal to one hasta, and which is half
an anguli broad. In the middle of the breadth of that hoop mako a hole.
Through this small hole made in the circumferenee allow a ray of the sun at
noon to enter in an oblique direction. The degrees, intervening on the lower
half of the circle between (the spot illumimed by the ray and) the spot
reached by a string hanging perpendicularly from the centre of the circle,
represent the degn;ees of the zenith-distance of the widday sun.

An easily intelligible rule for finding, by observation, the sun’s zenith-
distance at noon.

23. Make, of some material, a delicate sphere well rounded on all
sides. On its periphery mark (the end points of) two lines called the lines
of the portions of time (kdlabhoga), which answer to the points where the sun
stops (viz. at the solstices).

24. Mark (between those two lines), according o observation, on hoth
sides of the first point of Aries, the degrees of declination (of the dificrent
signs), by means of whieh oblique observations. are to be made.

25. Raise this globe towards the north, to the extent of the degrees
of latitude of the given locality, and take the nidikds intervening between the
(point of) oblique observation and the (corresponding point on the) horizon.
(ii‘hose are the elapsed nidikds of the day; multiplied by six they give the

egrees.
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The above is a somewhat free rendering of what we suppose to be the
Fig. 12. meaning of the text, the construc-
tion and phrascology of which are,
at the best, particularly involved
and vague. The accompanying
diagramn shows a projection of the
sphere on the plane of the meridian
(HP ZH' P), H H’ being the
™ \B g horizon and P P’ the poles of the
sphere. We ascertain on the cir-
cumference of the sphere the points
B and B, in which the sun rises
and sets on the days of the two
P solstices, and draw the day-circles
in which the sun moves on those
T~ days. Between those two day-
circles we then draw the day-circles in which the sun moves when entering
gach sign of the ecliptic (and, possibly, as many more intervening day-
c¢ireles as there is room for).  We then, at any given moment, ascertain, by
observation from the centre, the place of the sun in his day-circle, £ 7. S and
take the nddikds or degrees—which are to be considered as marked on each
day-circle—intervening between the place of the sun, and the intersection of
the day-cirele and the horizon (£ 7. between S and T). A mere inspection
of the globe thus will furnish the time of day.

H

26. As long as, in the rising sphere, there rises that part which be-
gins with the cast point (i e. the first point of Arics), there takes place an
increase of the day ; while in the opposite case a decrease takes place.—From
what has been explained, the remaining points (not expressly referred to)
may be understood,

27, The fundamental arrangements of all instruments depend on
strings, water and bits of carth. By means of them one may make on a
level surface instruments shaped like a tortoise, a man and so on.

98, Tho teacher is to communicate those things (only) to a pupil of
steadfast mind; and the pupil after having learned them is to make his
mechanical contrivances in such a way as to keep them secret from his own

sOn even,
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29. 30. Let the astronomer observe (the position of the moon) in a
oiven locality, (at that time when, according to caleulation, full moon takes
place on the prime meridian on the cquator). Lt him divide the observed
difference of degrees in the manner of the tithi.  The resulting time is to be
deducted (from the time of full moon at Lankd) in the ease of the degrees
being more, and to be added in the case of their heing less. Liet him inerease
the result by the time of ascensional difference, when the sun iy in the six signs
beginning with Axies, and diminish it by the same, when the sun iy in the six
signs beginning with Libra. In this way he ascertaing the difftrence in lmgitude.

While there can be hardly any doubt about the purport of the above
stanzas, their wording and construction arc obseure, and the translation there-
fore merely aims at rendering the general sense.—The rule teaches how to
ascertain the longitude of a given place by an observation of the moon at
the hour when—according to astronomical caleulation—full moon takes place
at Lankd. We are dirceted to find at that time the degrees of interval be
tween the moon and the sun, according to tlhre method tanght above in stanza
12 ; if those degrees arc more than 180, the given locality is to the west of
the prime meridian; if less, it is to the east.  From the degrees of interval
the difference of longitude in time is caleulated proportionally ; and finaliy
an allowance made for the ascensional difference.

81. The sixticth part of so much water as within a nycehthemeron
oscapes (from a wvessel) through a given aperture fises the duration of one
nidikd ; or else one hundred and cighty respirations of o mau.

32. Make a copper vessel shaped like the Talt of a jar, and pierec
hole in its botbom. Place it in a basin filled with pure water; when it has
become full of water, a nddikd has elapsed.  On account of the smallness of the
bottom (?), the hole has to be made in such a way that sixty hnmersions take
place in one nychthemeron.—Or else a néldikd may be measured by the tine
in which sixty Slokas, each consisting of sixty long syllables, can be read out.

The above three stanzas are clear, with the exeeption of one lne in 32
which is not very perspicuously expressed.—It will be observed that stanza
32 consists of 60 long syllables, and thus constitutes a Sloka such as-—accord-
ing to Vardha Mihira—may be recited in the sixtieth part of a nidiki.

33. Having ascertained the latitude of the moon and observed the
distance of the moon from the fixed star, and having made the requisite
caleulations one may then declare the conjunction of the moon with the star,
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34. (The yogatér, 4. e., junction-star) of krittik4 is at the end of the
sixth degree (of the nakshatra), and three and a halt hastas to the north of
the eeliptic; that of Rohint is at the end of the eighth degree, and five and
a half hastas to the south of the ecliptic.

35. The two stars of Punarvasu are at the eighth degree, and to the
north and south of the ecliptic at an interval of eight hastas; the star of
Pushya is at the fourth degree, three and a half hastas to the north.

36.  Of Adleshd the seuthern star is at the first degree, one hasta
(south of the ecliptic) ; so also the northern star.  Of Maghd the conjunction
(with the moon) takes place in its own field (i. ¢., in the echptxc) at the sixth
degree (of the nakshatra).

37, Of Chitrd (the yogatdrd is) at seven and a half degrees, three
hastas to the sonth,—The angulis are to be calculated from the centre of the
moon,

38.  Deduct seventeen from the latitude (of the star), multiply the
remainder by fifteen, and take its thirty-fourth part; the vesult is to be taken
as the measare in angulis. - The time (of conjunction) is to be caleulated
from the difference of the moon’s daily motion.

The above stanzas contain the statement of the longitudes and lati-
tudes of the socalled yogatirds of some nakshatras. The longitude has to
b reckoned from the beginning of cach nakshatra, . e., twenty-seventh part of
the ecliptic,  The latitudes are expressed in angulis of which twenty-four go
to one hasta, while the diameter of the moon—whose mean value is thirty-
four minutes—is divided into fifteen angulis, Tn order to cxpress the dis-
tance of the star from the edge of the moon in angulis, seventeen, 1. e., the
moon's radins is deducted from the distance in minutes (taken from the moon’s
centre), and the remainder turned into angulis by means of the proportion
supplicd by the dimensions of the moon,

39, Multiply twenty-five by half the cquinoetial shadow; take thoe
corresponding are to which fifteen is to be added, multiply by ten, and add
twenty-one times the equinoctial shadow ; the result are the vinddikis.

40. 41. By means of the latter calculate the ecliptic point on the
castern horizon from the beginning of Cancer; when the sun stands at that
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point, the rishi Agastya becomes visible—by means of instmnu'ents constructed
on mathematical principles—beautifying the southern region s a r.u:-n'k
beautifies a lady’s brow.—Gratificd arc the minds of men by this divine
knowledge based on time.

A rule for calewlating the time of the heliacal rising of Auastya

o
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equator, E B’ an arc of the equator, A Tuan are of the Eeliptie, C the place
of Canopus on the horizon, G the last point of Giemini (on first point of Can-
cer) which has the same longitude as Canopus, »iz. 90°; P G € C a civele of
declination (on which according to Hindd practice the latitude is mensured).
The segment O/ & of the equator represents the time which Canopus must
rise before the sun in order to be visible in the morning. It divides itself into
three parts, viz., C’' B representing the ascensional difference of Agastya, BG"
representing the ascensional difference of the last point of Gemind, and G" &/
representing the amount to which the sun must be below the horizon in order
that a star may be visible at its rising. This latter amount the Hindds
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always measure on the ecliptic (instead of measuring it, as would be proper, on
a vertical circle).  The modern Strya Siddhdnta assumes it to be equal to 12
but Variha Mihira—as we understand him—to 15°,  In order to find BG” we
make use of the statcment made above in 1IT. 11 viz., that at the end of
Giemini the ascensional difference amounts to 21 palas in those places where the

equinoctial shadow is equal to one.  We thus obtain the following expression
Required ascens. diff. =21 x equinoct. shad.

Dividing this result by ten we obtain the degrees corresponding to the
palas (60 palas going to one nddikd which answers to 6 degrees).

In order, tinally, to determine C' B, we at first ascertain the value of
1) C, the socalled carth-sine (kujyd) of Canopus, by means of the proportion

12: equin. shad. =sin declin. of Canopus : kujya.

If, as said above, (G (=latitude of Canopus) is supposed equal to §0°,
the declination of Canopus wmounts to 56° (for € G=declination of last point
of Gemini=inclination of Ecliptic=24%) ; and we thus have

Kuivi= enquin, shad. x sin 56 _ equin. shad, x 99
ujya= 12 = 12

To turn the carth-sine so found into the sine of ascensional difference,
we caploy the proportion
Cos declin. @ kujyd=TRad. : sin ascens. diff.

equin khad, » 99 % 120
12.ceos deelin,

= Sin ase. diff. =

_oequing shad, X 90120 o e g 0 °
o e (67 =sin 34" =cos 56°)

.. équin, shad, x 990 __ 1080 x equin, shad,

47 - 67 %2
132“ x equin, shad,  30xequin, shad.
R 9 s 7 -

Lustead of this value of C'B the text however has 25"”‘".;_,"‘ Hhnd, Shere-
from it appears that Variha Mihira estimated to latitude of Canopus at less
than the modern Strya Siddhénta does. By an casy inverse calculation we
find that a lutitude of 75° 307 satisfies the expression given in the text.



CHAPTER XV.

TrE SECRETS OF ASTRONOMY,

1. Following those, who possess the knowledge of the relative poai-
tions of sun, moon, stars, and carth, I give the following explanations.—An
eclipse of the sun takes place constantly; in cousequence of the difference
of position it becomes visible in some locality.

2. In the minds of thoso also who are ignorant of the relative posi-
tions knowledge may be engendered, just as—(sce the Sanskrit Conuentary.)

3. In those places, for which the sun is covered by the moon owing
to the straight line drawn from the eye to the sun (i. ¢, for which the moon
is In the straight line drawn ete.) an eclipse of the sun takes place s and suoli
a place is every day somewhere (in space).

4, The Fathers dwelling on the moon see tho sun, if oneo obseured,
for & half-month (in that condition) ; and they also seo him uon-obseured for
a balf-month, The middle of the celipse is at full moon.

The text of this stanza appears to be corrcet, but its meaning s
vbscure to us.—Might we, perhaps, have to understand by the ‘eelipe’ of the
sun referred to merely his being invisible for o lunar half month to those
beings which live on the side of the moon turned away from the carth ?—But
a statoment of this nature would have its proper place, not in the present
chapter, but in the ‘trailokya-samsthina’; and such a statement js in fact
actually made there (xiv. 38). Morcover, the terms ‘grasta’ and ‘graha’
would appear to be rather misapplied in such a connection,

5. The beings that live on Meru or near Meru never see an eclipse
of the sun, owing to the fact of sun and moon being (for them) not high
above the horizon.



(87 )

6. Those living on Meru or close to it never see sun and moon in a
line ; therefore they always see the two bodies separated by an interval.

Of these two stanzas also the text seems to be correct. But in that
case their contents are incomprehensible.

7. When an eclipse takes place at sunrise or sunset, then the sun
stands for us low (?) and the moon high; the latter thercfore becomes the
cause of the (obscuration of the) sun.

8. If for us, an cclipse of the sun takes place at sunrise, it does not
take place at the same moment for those with whom the sun is about to sct,
nor for those with whow it is midday.

9. For, on onc and the same day, the eclipse may be past for those
with whom it is sunrise, futurc—to the extent of two kshanas—{or those
with whom it is sunset, and actually occurring for those with whom it is

midday.

10.  In the Samhitd, in the beginning of the chapter on Rihu’s course,
I have fully explained to what causes, apart from Rihu, solar and lunar
eclipses are due.

Stanza 7 is not fully intelligible.  Stanzas 8 and 9 refer to the
effeet of parallax in accelerating or retarding the moment of an eclipse of the
sun.

11. For Meru there exists no distinetion of direetions, because there
the eastern dircetion is not indicated by the sun; for as long as the sun is
visen there, he revolves round the carth (the horizon).

12. Should it be sald that the distinetion of ‘the castern direction
may be based on the observation of the first small part (of the sun when he
rises) ; we reply that after he has moved for half a year (above the horizon)

he again sets at the same point ; does that point then indicate the castern or
the western direction ¢

13. For those who live on Meru its being day depends on the sun’s
declination, not, as for us, on his daily revolution. Xor us sixty nédikds
constitute a nychthemeron, while a year is a nychthemeron of the gods.
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14. Each year comprises a day and a night of the gods and tho
Asuras, it being day for the former while it is night for the latter, and vice
versi. A nychthemeron of the fathers (whose abode is the moou) lasts one
wounth, while one of men comprises sixty nidikis.

15.  The gods see the sun moving at a distance (from the horizon),
equal to so much as he rises above the horizon in two muhirtas ; they never
see him higher up.

The gods on Meru never see the sun higher ahove the horizon than
24 degrees (to which height he rises when at the end of Gewini). The sun
performing 360 degrees in thirty wuhtrtas passes through 24 degroes in twa
wuhtrtas.

16.  The suocession of the Lords of hours and days is not the same
on Meru as with us; boeause the nyochthemeron there docs not consist of
sixty nidikés.

17. The rule about the days of the weck is not everywhere the same,
As no (dueisive) reason can be assigned for it, the astronomers disagree con-
corning this point.

18. 19. The day of the weck is to bo determined from the aharana ;
the ahargana itself depends on connexion with place and time. According to
the teaching of Litichirya the ahargana is ta be reckoned from sunsct at
Yavanapura ; according to Simhichirya from sunrise at Lankd; while it is
to be reckoned from the moment when ten muhtrtas of the night of the
Yavanas have passed, according ta their gury (i. e. tho teacher—or magter—
of the Yavanas),

20, Aryabha’ga maintains that the beginning of the day s to be
reckoned from midnight at Lankd ; and the same teacher again says that the
day begins from sunrise at Lanka,

21. If, thore having been applied the carrection for difforonce of
meridian, the result does not agree with the actual circumstances of a, given
place ; the following statement (at any rate) as to the correspondence of time
has been made by the same teachers (mentioned ahave), in agreement with
traditional science,
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22. The sun, when rising in the Bhiratavarsha, at the same time
makes midday in the region of the Bhadri$vas, sunset in that of the Kurus,
midnight in Ketuméla.

23. What is sunrise in Lankf is sunset in Siddhapura, midday in
Yamakoti, midnight in Romaka-country.

24. The intercalary months, the omitted lunar days, the days of the
plancts, the lunar days, the days, Aries, the sun, the moon, the half-years,
the seasons, the motions of the stars, the nights; all of them begin together
at the beginning of the yuga.

25. The difference in longitude when taken from Romaka-country is
not the samc as when taken from Yavanapura; and there is a difforence be-
tween (reckoning the beginning of the day) from midnight or from sunrise at
Tankd.

26. And if we determine the Lord of each day by (counting the
ahargana from) the moment when the sun has halt' set, we have in our favour
neither any traditional authority nor reasoning of any kind.

27. Owing to the (various positions of the) sun, it is twilight in one
place, day in another place, and night in another place. A small difference
of place thus suflices to entangle the question as to who is the Lord of the
day.

98. The question as to the hords is in the same predicament ; for the
first hord belongs to the Lord of the day. If, then, the latter is not fully
determined, how can the Lord of the hour be so?

29.  Ordinary people, as a rule, proceed in their business aceording to
the days of the week (as known from tradition), without reflecting on such
questions.  The learned, on the other hand, declare such (assumptions) to be
right as result in the proper determination of the truc lunar day.



CHAPTER XVI.

Tur Measx Motions oF THE PLANETS, ACCORDING TO THE SURYA SIDDHANTA.

1. The determination of the (mean places of the) smaller plancts for
midnight at Avanti is, according to the Sfirya Siddhinta, as follows.—
Mercury and Venus have the same motion as the mean sun.

2. For Jupiter multiply the ahargana by 100, and divide by 433232.
For Mars multiply the ahargana by one, and divide by 687,

8. For Saturn multiply the ohargana by 1000, and divide by
10766066. The quotients are the entire revolutions; from the remainders
the mean places of the planets arc ascertained in signs, degrees and so on.

4. For each revolution of Jupiter ten tatparas (. c., sixticth parts
of seconds) have to be deducted. Fourteen tatparas have to be added for
each revolution of Mars; five have to be deducted for each revolution of
Saturn.

5. Four signs, two degrees, twenty-cight minutes and forty-nine
seconds have to be added to the mean place of Saturn.

6. Eight degrees, six minutes and twenty scconds constitute the
additive quantity for Jupiter. For Mars that quantity amounts to two
signs, fifteen degrees and thirty-five minutes.

7. For the Sighra of Mercury multiply the ahargana by 100, and

divide by 8797. Add the product of the (accomplished) revolutions and four
and a half tatparas.

N 8. For the Sighra of Venus multiply the ahargana by 10, and
divide by 2247. Add ten and a half seconds, multiplied by the revolutions.
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9. Twenty eight degrees of Leo (i. e. four signs plus twenty-eight
degrees) and seventeen minutes are the additive quantity for the Sighia of
Budha. From (the Sighra of) Venus 8332961 seconds are to be deducted.

The above nine stanzas contain rules for calculating the mean places
of the planets.—The complete caleulation for each planet is subdivided into
three distinet operations. We are at first taught how to find the mean place
by mcans of a rough calculation resting on the assumption that the planet
performs an integral number of revolutions within an integral number of
sivana days. Next we are informed how to make up for the mistake
involved in the above assumption. And finally we are told what quartity
has to be added to—or deducted from—the result found by means of the
previous two processes, in order to enable us to start im our calculation, not
from the beginning of the kalpa or yuga, but from the epoch of the karana.

The process by means of which we evolve from the rules of the text
that duration of the sidercal revolutions of the plancts which was assumed
hy Vardha Mihira’s Stirya Siddhinta is simple, and the same for all plancts.
We at first caleulate the revolutions according to the approximative rules
given in stanzas 1—3, and the first halves of stanzas 7 and 8. We thercupon
deduce—from the corrections stated in stanza 4 and the second halves of 7
and 8—the amount of the modifications to be applied to the rough results
found previously.  We thus obtain the following numbers of revolutions
within one wahdynga of 1577917800 days.

Saturn  — 146564
Jupiter — 364220
Mars — 22906824

Venus  — 7022388
Mereury — 17937000

The correetness of these figures we are finally enabled to test by
spans of the kshepa-quantitics stated in the fifth, sixth and ninth stanzas.
Kor if—as we had done before in the case of the sun and the moon—we
enleulate, on the ground of the number of revolutions stated above, the
mesn positions of the plancts at the cpoch of the karana, we find that they
agree down to seconds with the mentioned kshepa-quantities. As in the
case of sun and moon, the caleulation has to be made from the beginning, not
of the mahiyuga, but of the kalpa.
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10. Seventeen seconds are to be added for each year to the mean
place of Mars; ten to be deducted from that of Jupiter; seven and a half
to be added to that of Saburn.

11. Forty-five are to be deducted from that of Venus; one hundred
and twenty to be added to that of Mecrcury. Fourtcen hundred seconds are
to be deducted from the mean place of Jupiter.

These two stanzas state certain corroctions to be applicd to the mean
places of the planets as found by means of the preceding rules. No other
reason for those corrections appears to be assignable, but that they tended to
effect an agreement between the rules of the Strya Siddhinta and the
observations made by Variha Mihira or the astronomers of his time,



CHAPTER XVII.

Tue trRue Morons oF THE PLANETS.

1. Of the other planets beginning with Mars the sun is the so-called
Sighra.—Thirty-five, fourteen, sixteen, five, twenty-four—each multiplied
by two—arc the degrees of the cpicycles (of the Apsis);

2. Six, eleven, cight, four, twelve,—oach figure multiplicd by twenty
and ten being deducted in the case of Mars—are the degrees (of the longitude)
of the Mandochcehas of Mars, Mercury, Jupiter, Venus, Saturn.

We therefore have the following cpicycles and longitudes of the
apogees of the five plancts

Mars. | Mercury. | Jupiter, | Venus, | Saturn.

Degrees of epieyclo...; 70 28 32 14 60

Yoongitude of Apogee 110 £20 160 80 240

3. The degrees of the epieycles of the conjunction ($ighraparidhi)
of Mars, cte. (Mars, Mereury, Jupiter, Venus, Saturn) arc 234, 132, 72,
260, 40.

4. TIf, the mecan planet being deducted from the Sighra, the
remainder is within three signs, the sines of those parts (of the three signs),
which are passed through and yet to be passed through, are the base sine
(bhuja) and the perpendicular (koti). If the remainder exceeds three
gigns, it is to be deducted from six signs, and after that the same method is
to be followed.
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5. The (bhujajy4 and kotijy4 found according to stanza 4) are to be
multiplied by the degrees of the epicycle of the planet, and divided by 360;
the results are those two (sines) reduced (to the terms of the epicycle; vz,
the so-called bhujajyd phala and kotijyd phala). The koti phala is to be
added to the Radius in the half circle beginning with Capricorn, and to be
deducted in the half circle beginning with Cancer.

6. Take the square root of the sum of the squares of the Radius so
increased or decreased and the bhujaphala, and divide thereby the bhujaphala
multiplied by 120. Half of the corresponding arc is to be deducted from the
mandochcha (if the anomaly is in the half orhit beginning with Aries), and to
be added to it (in the half orbit beginning with Libra).

A rule for finding the equation of the conjunction which in all points
agrees with that given in the modern Strya Siddhdnta—By halt the equa-
tion found the place of the mandocheha is to be corrected, and the manda
equation to be calculated from the new place.

7. The mandochcha, having thus been made true, is deducted from
the mean planet, and the sine (bahu) (of the resulting are) is reduced to
terms of the epicyele (by being multiplicd by the degrees of the epicyele,
and divided by 860); the corresponding arc is cither added to the mandocheha
(in the half orbit beginning with Aries), or deducted from it (in the half orbit
beginning with Libra).

8. (The mandochcha so correeted) is again to he deducted from the
mean planet, the corresponding sine is to be taken and to be reduced to terms
of the epicycle, and the corresponding are to be added to (in the half orbit
beginning with Aries)—or deducted from (in the half orbit beginning with
Libra)—the mean planct.

9. The planets, having thus been made what is called ¢truc-mean’
(the mean planet having been made true as far as the mandocheha is con-
cerned), are to be deducted from their gighrochehas, They are then to be
treated according to the former method (i. e., the equation of the gighrocheha
is to be found as taught above) ; and , in the former way, the are is to be
added to (in the half orbit beginning with Aries)—or to be deducted from
(in the half orbit beginning with Libra)—the true-mean planet.
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10. In this manner the true position of all planets is ascertained.
In the case of Mercury, however, the mandochcha of the sun is to be
deducted from Mercury’s §ighrochcha; the base sine (of the remainder) is to
be reduced to terms of the sun’s epicycle (by being multiplied by the degrees
of the sun’s epicycle, and divided by 860), and the corresponding arc—as
Mercury’s equation—to be added to, or deducted from, Mercury (according as
the anomaly found by deducting the sun’s mandochcha from Mercury’s
§ighrochcha lies in the half orbit beginning with Aries or in that beginning
with Libra).

11. In Venus' case sixty-seven minutcs have to be deducted from
the planet’s longitude, after it has been made true (in the manner taught
before).—The time when a planet becomes retrograde has to be ascertained
from the difference of its motiow.

12. The degrees of the distance from the sun at which the true
planets become visible are 12 for the moon, 19 for Mars, 17 for Mercury,
13 for Jupiter, 11 for Venus, 15 for Saturn.

13. Take the sine of the interval between the planet made true with
regard to the apogee (and the node), and add to it its cighth part, in the
case of Mars, Jupiter and Saturn ; the latitude of the planet, which is either
southern or northern, i found from that difference. Another latitude is
found by applying the conjunction (in the case of Venus and Mercury).

14. In the case of Jupiter, Mars and Venus (the sine mentioned
above) is to be lessened by its fourth part; while in the case of Mercury
and Saturn it is merely to be inereased by its eighth part. The sine is then
to be multiplicd by Radius, and divided by the hypothenuse ; the result is the
latitude whose direetion (whether north or south) depends on that of the
interval (between node and planet).

The above two stanzas teach how to calculate the latitude of the
plancts. The latitude is made to depend, in the case of the superior planets,
on the distance of the true planet (4. e., the true place of the planet with
regard to tho apogee) from the node; in the case of the inferior planets on
the distanee of the node from the Sighra of the planet, «. ¢., the place of the
sun. The latitude for any given moment is then calculated by means of a
proportion basing on the assumed amount of the greatest latitude of each planet
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These amounts have to be inferred from the indirect statements of the text,
which directs us to add, in the case of Mercury and Saturn, one eighth to the
sine of the interval between node and planet (or node and conjunction), and, in
the case of the three other planets, to lessen that sum by its fourth part. We
thus have, for Mercury and Saturn, the following formula

Lal tl t = 9% siueinterv.,
and, for the threc other planets,

L atit, = 9 xsin interv.  9xsin intery,

If we substitute 120 = Radius for the 8 forming the divisor, we have
to substitute 135 for the 9 of the numerator; whenee we conclude that the
greatest latitude of Mercury and Saturn is assumed to amount to 135.
And taking into account the subtraction of one-fourth part, which is pre-
scribed for the three other planets, we find that their greatest latitude is
supposed to amount to 121”,



CHAPTER XVIIL

O~ tag CoursEs OF THE PLANETS,

1. Deduct from the ahargana 147, and divide by 584; the quotient
indicates the risings of Venus. The portion (passed through by Venus dur-
ing that time) is five degrees of Scorpio (4. e. seven signs plus five degrees)
together with the third part of a degree.

2. Having proceeded, by means of the degrees of time, for twenty-
six days, Venus goes to its rising in the west. Add to the days the eleventh
part of the risings, and therefrom (calculate) the motions.

3. In threc periods of sixty days cach, Venus passes through seventy
degrees, inereased respectively by four, three, and two ; thereupon in eighty-
five days through seventy-seven degrees ; then in three days through one and
a quarter degree.

4. 5. Therecupon becoming retrograde it passes in fifteen days
through two degrees; sets after five days in the west; rises after ten days
in the east; becomes anuvakrin after twenty days, having moved four degreos
(within cach of the last mentioned three periods) ; passes through 250 degrees
in 232 days, and scts in the east; passes through 75 degrees in 60 days, and
rises in the west.

6. In the case of Jupiter deduct from the ahargana thirty-four days
and as wany nidikis, and divide by 399; the quotient are the risings of
Jupiter. Put down separately the (remaining) days.

7. And add to them the ninth part of the number of the risings.
Multiply the number of risings by 36, and divide by 391 ; the remainder to
which 18 is added is called pada.

8. Put it down in two places. (Caleculate the equations) by means of
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the mean and the true quantities, If on the deduction of those two quantities
(from each other) the true quantity is smaller than the mean one, add (as
many days as the result comprises degrees) to the days (as found above); in
the opposite case (so many days) are to be deducted.

9, 10. As long as the pada is within 180, there is a positive quantity
of 1456; up to 195 there is a positive quantity of 1265; i (the pada) is
within 16, the third quantity is negative, amounting to 1486,—The risings of
Jupiter being multiplied by five and divided by eight, give the minutes (of the
mean place of Jupiter) from the first rising.

11. In the case of the first quantity there arc 9% degrees of Virgo
(i. e. 5°9° 80); in the case of the second one there is half a eircumference
(=6 ; and in the case of the last one there arc 13 degrees,

12. Jupiter passes within sixty days through twelve degrees; after
that in forty days through four degrees ; then in twenty-four days through two
degrees ; thereupon he becomes retrograde within fiftcen days, and passes in
sixty days through six degrees, and again in sixty days through six degrees.

13. Then, becoming anuvakra, he passes in eighty days through
twelve degrees, and in forty-five days through nine degrees. Thereupon he
sets, and having remained in that state for one month he again rises in the
following month.

14. For Saturn, deduct from the ahargana 150} (days), divide (the
remaining days) by 878 ; the result are the days cte. constituting one rising,

15. Deduct from the days the tenth part of the risings. Multiply the
risings by nine, and divide by 256 ; the remainder is the pada; add to it 89.

16. If the padas of Saturn are within thirty, there is an additive
quantity of 2466 ; while there is g subtractive quantity of 2509, if the pada
amounts to 127,

17.' There is an additive quantity of 2307, if (the pada amounts to)
99 Multiply the risings of Saturn by 81, and divide by 32 ; (the resulting
minutes) are to be added to the negatjve quantity.

,18,: In 'the case of the first aggregate we have sixteen degrees of
Taurus minus nine minutes (=1* 15° 51’); in the case of the second aggregate
we have five (signs) plus twenty-seven degrees plus thirty-four minutes.
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19. In the case of the last aggregate we have seven degrees plus
twenty-eight minutes.—Saturn passes in sixteen days through three degrees,
thereupon in fifty-six days through 232 minutes (=3° 52').

20. Thereupon he, within fifty-five days, becomes retrograde. He
then passes in 68 days through three degrees, and in 60 days through four
degrees. After that, becoming anuga, he passes through eight degrees in 105
days (and then sets). Thereupon he passes through three degrees in 36 days,
(and again rises).

21. Deduct from the ahargana 256, and 14 nidikis, and divide by 780;
the result are the risings of Mars.

22. Multiply the number of risings by 161 and add the result, taken
as vinfdikds, to the days (forming the remainder of the division preseribed
in 21). Moultiply the risings by eighteen, divide by fifteen and take (the re-
mainder) of that division. i

23. Lessen the remainder by its own fifth part; you thus obtain the
mean position of Mars, expressed successively in signs and so on.—Thereupon
you must caleulate the succession of its truc courses.

24. The degrees of difference of the true and mean positions are to be
added to the days (calculated above), if the mean position (excecds the true
one); and to be deducted, if the mean position is less.—I will now deseribe
the motion of Mars according to its different courses (gati).

25. ?

26. Having then passed through 13 degrees, Mars becomes niramga
(2. e. without degrees ; 4. ¢. having the same longitude as the sun), and having
thereupon passed through twenty degrees he goes to his rising. I will now
state the succession of days occupied by the courses (gati) of Mars.

27. 28. ?

29. 'When Mars is retrograde in Pisces, Scorpio, Aries, or Sagittarius,
he passes through nine degrees within 56 days, then through seven degrees
within 42 days; and thereupon, passing through sixteen degrees in 60 days,
he becomes anugati,
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30, In Taurus, Gemin# Libra, and Virgo Mars passes in forty days
through seven degrees, again in forty days through ten degrees, and in sixty-
three days through seventeen degrees in succession, beginning from (%) the
retrograde motion,

31, In Cancer and Leo, Mars passes in forty-four days through seven
degrees, in forty days through six degrees, and in sixty days through eighteen
degrees, in his courses beginning with the retrograde one,

32, In Aquarius and Capricorn, Mars passes through six degrees in
thirty-two days, through nine degrees in thirty-nine days and through fifteen
degrees in fifty-seven days, in his threefold course,

33, ¢

84, Add two to one, five, eight, eleven, fourteen, ecleven, nine. In
the quick course (Sighragati) you have forty diminished by one, four, four (%).

35, Thirty-six increased by two, three, nine, twelve, nine, three, zero
are the days, The motion in the cighth course is the same as in the seventh.

36. 87. 38, Add to the ahargana twenty-cight and a third. Multiply
by eight and divide by 927 ; the result are (the risings) of Mcreury. Take
the eighth part of the (remaining) days, and deduct from those of Mereury as
many nidikds as the fourth part of the risings amounts to. Multiply the
risings by 123, and deduct forty-three; divide the remainder by 389; you thus
find the mean place of Mercury.—Mereury passes within six plus five (==
eleven) of the (days forming the) remainder through eight true degrecs ; with-
in thirty (days) through thirty true degrees.

39. Thereupon he passes in cighty-one days through sixty degrees ;
in eighty-eight days through a hundred degrees; in fourteen days through
twelye degrees ; in thirty days throngh thirty degrees.

40, In one hundred and four days through ninety-seven degrees; in

thirty-one days through twenty-three degrees. These are the true motions of
Mercury,

41, Deduet from the days the degrees of difference of those two (viz.
of the mean and true places of Mercury), in case of the true place being in
excess (of the mean place) ; add those degrees in case of the mean place being
in excess (of the true). The course of the true Mercury is as follows.
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42. In Aries, Mercury passes in thirty-six days through thirty-five
degrees, in thirty-six days through forty-two degrees, in twenty-nine days
through twenty-one degrees, and again in twenty-nine days through thirty
degrees.

43.  In Taurus he passes in forty-five days through forty-four degrees,
in twenty-three days through seventeen degrees, again in twenty-three days
through thirty-nine degrees; in forty-nine days through forty-three degrees.

44. In Gemini he passes in forty-five days through forty-eight de-
grees; in twenty days through fourteen degrees; in twenty-six days through
twenty-seven degrees ; in forty-seven days through forty degrees.

45. In Cancer he passes in forty-two days through twenty-six de-
grees; in eighteen days through twelve and a half degrees; in thirty days
through twenty-six degrees; in forty-six days through twenty-five degrees.

46. In Leo he passes in thirty-four days through twenty-five degrees;
in sixteen days through eighteen degrees ; in thirty-two days through twenty-
seven degrees ; in forty-five days through twenty-cight degrees.

47, In Virgo he passes in twenty-six days through twenty-seven de-
grees; in thirty-cight days through forty-five degrees; again in thirty-cight
days through fifty-six degrees, and again in thirty-cight days through sixty-
two degrees,

48.  (In Libra) he passes in forty-two days through thirty-seven de-
grees, in forty days through thirty-two degrees, in thirty-four days through
sixty-four degrees.

49, In Scorpio he passes in cighteen days through twenty degrees,
in forty-five days through fifty-two degrees, in thirty-four days through forty-
five degrees, in forty-cight days through seventy-four degrees.

50, In Sagittarius ho passes in forty days through thirty-nine de-
grees; in sixteen days through cleven degrees; in forty-two days through
forty-three degrees; in thirty-two days through thirty-five degrees.

51, In Capricorn he passes in twenty days through nineteen degrees;
in thirteen days through fourteen degrees ; in thirty-cight days through thirty-
nine degroes; in thirty-two days through fifty-eight degrees.
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52. In Aquarius he passes in twenty-three days through twenty-two
degrees; in twenty-two days through twenty-five degrees; in twenty-four
days through twenty degrees ; in thirty-two days through sixty dogrees.

53. In Pisces he passes in twenty-four days through twenty-six de-
grees; in twenty-five days through thirty degrees; in twenty-nine days
through thirty degrees; and in twenty-seven days through forty-nine degrees.

54. 55. 56. 2

57. Multiply the time of the ascensional difference by the (sine of the
planet’s) latitude—which is caleulated according to the method of sines—
and take the 480th part of the product. The result is to be deducted from—
or added to—the planet’s longitude according to the direetion (of the latitude).

58. 'This operation having been performed, the sctting and rising of
the planets is to be calculated by means of the degrees intervening between
them and the sun. These degrees are, for the moon and the other plancts in
succession, twelve, fourteen, twelve, fifteen, eight, fifteen.

59. Multiply those degrees by three-hundred, and divide by the vind-
dik4s of rising ; from the resulting degrees the true setting and rising of the
planets is to be determined.

60. Mercury, Venus, Mars, Jupiter (and Saturn?) (become visible in
the east when they are) less advanced in longitude than the sun by the amount
of the planetary degrees (as caleulated above); in the moon’s case the reverse
takes place.—Having thus ascertained (all requisite itews) from the latitude,
the astronomer may make declarations regarding future planctary oceurencos.

Stanza 57 contains a rule for the so-called &ksha drikkarman, 1. e. the
correction for apparent longitude which depends on the planet's latitude at the
given time. The rule is based on the rough proportion

Sine of greatest latitude of ecliptic (=48): time of greatost ascensional
difference =sine of planet’s latitude : time of planet’s ascensional difference.

Dividing by ten (whence the divisor 480) the vinddikds of the result
are turned into degrees.—Stanza 58 thereupon states the number of degrees
to which the difference of the longitude of the sun and the single planets must
amount in order that the latter may become visible,—Stanza 59 finally teaches
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how those mean degrees are rendered true by the introduction of the
time of rising of the ecliptic in which the sun and the planet are at the time
(300 vinidikis being the mean time of the rising of the signs).

61. For the benefit of his pupils Vardha Mihira of Avanti has com-
posed this short treatise on the smaller planets, which effects an agreement
between observation and theory.

62. He whose efforts are frustrated by the (theory of) Mars of Pra-
dyumna, and by Jupiter, Saturn as made (calculated) by Vijayanandin, and
by Mercury, let him honour this very accurate treatise. -

63. Which has been composed (? drishta) by Variha Mihira, easy to
understand . . . . .

64. He who, although knowing the faults of others, yet does not men-
tion them, even when an opportunity offers, but rather proclaims their good
qualities; to that good man let honour be paid as to a benefactor of his kind !

65, Free from jealousy Varjha Mihira gives this exccllent short trea-
tisc on the smaller planets, comprised in cighteen dryds. (?).

66, Take the degrees of the sun’s longitude (at the time of the last
conjunction anteceding the given time), and add to them the days connocted
with the degrees of the (planet’s) motion. If the degrees, thus derived from
the days, are wore (than 360), they are to be taken from a full revolution (i. ¢.
360 is to be dedycted from them).

The longitude of the sun is found by adding to his longitude at the last
conjunction with a planet as many degrees as there have clapsed days of the
planct’s chira,

67, Lessen (the ahargana) by 6329, multiply by four, and divide by
3075, Divide (the remainder) again by four; the result are the days (which
have elapsed) since Mars was without degrees (v ¢, had the same longitude as
the sun).

68. (Mars) becomes visible when less (in longitude than the sun) by
15°, within thirty-six days; then (passes) in one hundred and eighty-eight
days (through) sixty degrees; in one hundred and eight days (through) sixty
degrees ; within seventy-two days (through) nincty degrees,
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69. Ip sisty-eight days (through) fifty degrees; in two hundred and
forty days (through) seventy degrees. Then it sets; (passes) thereupon in
fifty-six days (through) fifteen degrees and becomes niramga.

70. Lessen (the ahargana) by 14681, multiply by 29 and divide by
3312; divide (the remainder) by the multiplicr (= 29); you thus obtain the
days of Mercury.

71. Mercury having fallen behind (the sun) by twelve degrees—which
takes place within ten days—rises in the cast; thercupon he falls behind by
ten degrees in fourteen days. (Advancing thereupon) nine degroes within
eighteen days he sets, and again rises (in the west), having advanced thirteen
degrees within thirty days.

72. Then he advances nine degrees within eighteen days, and then,
falling behind cight degrees within sixteen days, he sots in the west. After
that, falling behind nine degrees in eight days, he again becomes niramsa.

73.  Deduct (from the abargana)——, multiply by seven, and divide
by 2752. Divide the remainder by seven, the result are the days of Jupiter,
taken from the niramsa position.

74. Which are to be deducted {counted) from the place of the sun.
Having fallen back twelve degrees within sixteen days, Jupiter rises in the cust.
He then passes through forty-four degrees within fifty-four days; through
sixty-four degrees in seventy days.

75. Through one hundred and twenty degrees in one hundred and
nine days; through seventy-six degrees in eighty-cight days; through thirty-
two degrees in forty days. Thercupon he sets, and then passes in sixteen days
through twelve degrecs (when he becomes niramsa).

76. Lessen (the ahargana) by 11122, multiply by two, and divide by
1151. Divide the remainder by two. The result are the days of Venus
counted from the niramsa position.

77. TFalling behind nine degrees within five days Venus rises in the
east. It then falls behind twenty-one dogrees within fifteen days; after that
fifteen degrees within two-hundred and eight days; after that it advances
five degrees (?) within twelve days (?), and sets,
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78. Then it advances ten degrees within forty-cight (Y) days, and be-
comes niramga.  After that it moves in the opposite dircetion, and rises in the
west within the time which it had taken to go to the niramda position (%);
and again moving in the opposite direction sets (in the west).

79.  Lessen (the ahargana) by 16518 (?), multiply by three and mul-
tiply by 1118. Divide (the remainder) by three.  (The result are the days
since the last conjunction) of Saturn.  In cighteen days he falls behind the
sun sixteen and a half degrees, and then rises in the east.

80.  Then he falls back ninety and a half degrees within ninety-cight
days; then thirteen degrees within fourteen days.  Then one hundred and
twenty degrees within one hundred and thirteen days; then nincty-one de-
grees within ninety-cight days.

81. Then in thirteen days twelve degrees and a half. Then he sets,
and, passing within twenty-one days through sixteen and a half degrees, he

becomes niramsa, heing always behind the sun.



